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ABSTRACT 
Introduction There is a knowledge translation gap between evidence, based on research findings and 
clinical practice. Clinical practice guidelines (CPGs) have been proposed as a strategy to condense and 
disseminate research findings. However their existence alone does not minimise the gap, they have to 
be implemented in everyday practice. Registered nurses’ (RNs) work context influences their research 
use, but little is known on what contextual factors that influence RNs’ adherence to CPGs. Computer 
reminders have shown potential to minimise the knowledge translation gap, but insights into their 
effect on patients’ outcomes, RNs’ adherence and in what context they are most effective is still 
understudied.  
Aim to evaluate the effects of implementing recommendations from a CPG for peripheral venous 
catheters (PVCs) as reminders in electronic patient records (EPR) and to describe factors of 
importance for the implementation process and outcomes. 
Methods the setting for all four papers was a large paediatric university hospital in Sweden. Data for 
paper I was collected from 14 inpatient units through observations of patients and PVCs, and audit of 
EPRs. This was carried out at baseline and than two times after implementing a documentation 
template for PVCs. Data on PVCs and patients for paper II were retrieved from the EPR at 12 
inpatient units, divided into neonatal and paediatric units. Paper III was a cross-sectional survey, 
including 23 in- and outpatient units. Data was collected through a questionnaire concerning RNs’ 
adherence to CPG recommendations and their work context, measured by the Alberta Context Tool 
(ACT). Paper IV was a cluster randomised study, at 12 inpatient units, with computer reminders based 
on the CPG. A stratified randomisation of units, based on occurrence of PVCs, was performed. The 
primary outcome was documented signs and symptoms of PVC-related complications at removal and 
secondary outcome was RNs’ adherence to the CPG, and their work context measured by the ACT.  
Results A statistical, not clinical, significant increase of PVCs with complete documentation was the 
result of the PVC template. One of the 22 complications observed at baseline was documented and 
none of the complications (n=17 and n=9) post-intervention (paper I). Just over one-third (35.4%) of 
the patients were affected by a PVC-related complication, with infiltration and occlusion occurring 
most frequently. Complications were more common in younger age patients (paper II). Work context, 
in the form of structural and electronic resources, information sharing activities, and evaluation, was 
in different ways associated with RNs’ adherence to the CPG recommendations (paper III). Ninety-
one percent of the RNs adhered to the CPG recommendation of disinfection of hands, 64% to usage of 
disposable gloves and 54% to daily inspection PVC insertion site (paper III). There was no significant 
effect of the computer reminders, neither on PVC-related complications nor on RNs’ adherence to the 
guideline recommendations (paper IV). RNs score of their context in both groups (intervention and 
control) varied from moderately low to moderately high. 
Conclusion The EPR did not provide accurate data on PVCs either before or after the implementation 
of a PVC template. PVC-related complications, specifically infiltration and occlusion, were common, 
particularly among younger aged patients. RNs adhered to the recommendation on disinfection of 
hands, while the use of disposable gloves and daily inspection of PVC insertion site showed greater 
improvement potential. Diverse contextual factors were in different ways associated with RNs’ 
adherence to the CPG recommendations. The computer reminders did not have any significant effect 
on PVC-related complications, or on RNs adherence to the CPG recommendations.  
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PREFACE 
My journey for this thesis started in 2005 when I was working as a registered nurse (RN) at 
Sydney Children’s Hospital. The hospital had clinical practice guidelines (CPGs) for almost 
every nursing procedure and I had to read and prove that I understood a guideline before 
getting signed off and thus permitted to perform that special nursing procedure. My 
experience of Swedish healthcare was that there were very few CPGs for nursing procedures 
and that in such cases where guidelines did exist there was no routine to check that RNs had 
studied and understood the guidelines.  
After I returned to Sweden I studied health promotion and wrote my thesis on sources of 
knowledge among RNs in paediatric care. I wanted to study where RNs gained knowledge 
when there were no national or hospital wide guidelines for paediatric care. My thesis 
resulted in a position as a project manager to develop the first hospital wide guidelines for 
central venous catheters in paediatric care. It was during this process that I came into contact 
with my supervisors and this led to the PhD project. The project focused on investigating the 
effects of implementing recommendations from one guideline as computer reminders in 
electronic patient record (EPR).  
This PhD project went under the title RISCC - Reminder Implementation for Safety in Child 
Care. Written information, presentations and data collections included a bright pink colour 
and the logo of a child’s hand with a peripheral venous catheter (PVC). Most RNs at the 
paediatric hospital where these studies took place refer to the project as the “the pink 
questionnaire” or “the pink mouse pads”.  
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1 INTRODUCTION  
The four papers included in this thesis deal with different aspects of implementing a guideline 
for PVC in paediatric care as reminders in the EPR. In order to measure the effect of the 
intervention, PVC-related complications were chosen as a primary outcome. The first paper 
investigated how accurately the EPR reflected the occurrence of PVCs and complications in 
paediatric care, while the second paper focused on PVC characteristics and reasons for PVC 
removal based on EPR data. The third paper examined RNs’ adherence to recommendations 
from the CPG for PVC as well as their perceptions of their work context. The last paper 
investigated the effect of introducing recommendations from the CPG for PVCs as computer 
reminders integrated in EPRs.  
 
1.1 EVIDENCE-BASED PRACTICE 
All healthcare professionals in Sweden are, according to the Patient Safety Act [1], obliged to 
practice in accordance with scientific and proven experience. Healthcare professionals work 
must be based on scientific knowledge and proven experience and they are personally 
responsible for their own actions [1]. It is more than 20 years since the evidence-based 
medicine, also referred to as the evidence-based practice (EBP) group announced a ‘new 
paradigm’ for teaching and practising clinical medicine. Clinical practice was no longer to be 
based on traditions, anecdotes, and theoretical reasoning from basic sciences. It was to be 
based on evidence from high quality randomised controlled trials and observational studies, 
in combination with clinical experience and the needs and wishes of patients [2]. A frequently 
cited definition of EBP is that of Sackett et al. [3, p.71]: 
‘The practice of evidence based medicine means integrating individual clinical expertise with 
the best available external clinical evidence from systematic research. By individual clinical 
expertise we mean the proficiency and judgment that individual clinicians acquire through 
clinical experience and clinical practice’. 
The authors argue that EBP integrates the best external evidence with individual clinical 
expertise and patients' choice. But one of the most consistent findings from healthcare 
research today is the failure to translate research findings into clinical practice [4]. Different 
terms have been used in order to describe the efforts of reducing this gap, for example quality 
improvement, knowledge utilisation, research utilisation, implementation of research and 
knowledge translation, which has gained recognition globally over the last decades [4]. Sung 
et al. [5] divides translation research into T1, which refers to the translation of basic 
biomedical research into clinical science and knowledge and T2, which refers to the 
translation of new clinical science and knowledge into improved health. In this thesis 
knowledge translation research referred to as T2 will be used.  
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1.1.1 Knowledge translation gap 
A result of the knowledge translation gap is that patients fail to benefit optimally from 
advances in healthcare. Studies have suggested that approximately 30–40% of patients do 
not receive care according to scientific evidence [6, 7]. Close to one out of ten patients 
admitted to Swedish hospitals during 2013 suffered from an adverse event during their stay 
and over half of these events were considered avoidable [8]. Adverse events are defined as an 
unintended injury or complication, which results in disability, death or prolonged hospital 
stay and is caused by healthcare management rather than patient’s disease [9]. The total cost 
for longer admissions due to adverse events in 2013 was 11.5 billion Swedish crowns. This 
means that patients whose hospital stay was prolonged due to an adverse event occupied 
13.1% of all hospital beds [8]. There is also evidence that around 20-25% of patients may 
get unnecessary or potential harmful healthcare [6, 7].  
According to the Swedish National Board of Health and Welfare (Socialstyrelsen) there were 
more than 180000 RNs in 2013, which makes nursing the dominant healthcare profession in 
Sweden [10]. These numbers ensure that what RNs do and do not do will most likely have an 
impact on patient care and outcomes. A systematic review concerning RNs use of research in 
clinical practice has summarise that the use have been relatively consistent as moderate-high 
over the last decades [11]. The authors are however very cautious as they state that the results 
are overly optimistic, due to methodological problems in the majority of the included studies. 
The authors emphasis that there is a need for standardised measurements of research use and 
well-designed studies that examines RNs’ use of research and its impact on patients’ 
outcomes. The authors conclude that the relatively unchanged self-reported research use is 
troubling given the fact that major efforts have been made the past 15 years on EBP.  
Nursing education in many European countries, including Sweden are Bachelor degree 
programs, including courses in research methodology, a thesis resulting in a Bachelor’s 
degree, and a move toward more self-directed and life-long learning. Studies from a Swedish 
national cohort of RNs during their first two years post graduation in Sweden showed that the 
extent of self-reported research utilisation was strikingly low [12]. Another study by the same 
research group studied RNs during their first five years of professional practice and these 
results showed a clear trend towards increased research use after more than two years. The 
authors conclude that this supports previous research that newly graduated RNs go through a 
'transition shock,' which reduces their ability to use research findings in clinical work [13]. 
Rudman et al. [14] investigated RNs extent of EBP during their first five years and 
discovered that it remained unchanged on a relatively low level. The exception was that 
among these RNs, 80% stated that they used other sources of information regularly every 
month, which was assumed to be explained by ‘asking colleagues’, was exemplified as one of 
these sources. Studies have consistently shown that RNs rely on sources of knowledge that 
are embedded in the organisation, such as in-service education, procedure manuals, CPGs 
and discussions with fellow RNs [15-17]. The fact that colleagues are a common source of 
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knowledge is a concern, as colleagues do not necessarily provide information based on 
research [18].  
There are several barriers for RNs use of research in healthcare and the most frequently 
reported barriers are; insufficient time to implement new ideas and/or to read research, lack of 
authority to change nursing procedures, that statistical analyses are not understandable, and 
that the relevant literature is not compiled in one place [19].  
 
1.2 CLINICAL PRACTICE GUIDELINES 
CPGs have consistently been described as useful tools for bridging the knowledge translation 
gap within healthcare settings [20, 21]. CPGs are defined by the Institute of Medicine [22, 
p.38] as:  
‘systematically developed statements to assist practitioner and patient decisions about 
appropriate healthcare for specific clinical circumstances’  
The idea with CPG is to improve the effectiveness and efficiency of healthcare practice while 
reducing inappropriate variations [23]. CPGs appear to be one of the most promising and 
effective tools for improving the quality of healthcare as they have the potential to improve 
healthcare delivery and outcomes [7]. In Sweden there are national and regional CPGs to 
support healthcare, but these guidelines focus mainly on specific medical conditions and 
recommended treatments directed to physicians. The handbook for healthcare 
(Vårdhandboken) contains web based CPGs designed to help meet national goals for health 
and medical care in Sweden. The target group for this handbook is healthcare professionals 
that have a basic level of education and its contents is primarily directed to adult patient care 
[24]. Currently there are only a few national and regional CPGs directed to paediatric nursing 
procedures.  
As CPGs existence alone is not a guarantee to ensure use, they have to be implemented in the 
daily practice of healthcare professionals. Some estimates indicate that two-thirds of 
organisations' efforts to implement change fail [25] and that chosen strategies for 
implementation are based on beliefs rather than on evidence about the effectiveness of 
different approaches [26].  
 
1.3 KNOWLEDGE TRANSLATION THEORIES 
According to Graham and Logan [27], the literature covers two broad categories of 
knowledge translation theories and models: classical and planned. The classical theories or 
models of change are passive as they explain or describe the naturalistic process of change. 
One of the most well known classical theories is Rogers’s diffusion of innovations model 
[28]. Diffusion is the process by which an innovation is communicated through certain 
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channels over time and people pass through five stages when deciding whether to adopt an 
innovation. According to Rogers an innovation is more quickly adopted if it is compatible 
with current practices, seen as more advantageous than the current practice, easy to use, 
observed by others to be in use and if it can be easily tested before being formally adopted 
[28]. 
Planned theories or models provide a set of logically interrelated concepts that systematically 
explain the means by which planned change occurs [27]. These theories acknowledge that the 
organisational environment of practice is of importance when implementing a change. 
Examples of planned change theories or models are: Green’s Precede-Proceed model [29, 
30], Logan and Graham’s Ottawa Model of Research Use [31] and the Promoting Action on 
Research Implementation in Health Services (PARIHS) framework, originally developed and 
described by Kitson et al. [32] and Rycroft-Malone et al. [33].  
 
1.3.1 PARIHS FRAMEWORK 
The PARIHS framework attempts to make sense of the factors involved in implementing 
EBP and proposes that successful implementation is dependent upon the nature of the 
evidence being used, the quality of context and the type of facilitation required to enable a 
successful change process [34]. The PARIHS framework can be explained as a function of 
the relationship between Evidence, Context, and Facilitation [34], where the first two 
elements are on a continuum of low to high and Facilitation from task-oriented to holistic. 
The framework suggests that successful implementation is more likely to occur when 
evidence and context are considered high. The rational for choosing the PARIHS framework 
was that the model is developed for implementing EBP in healthcare, more specifically in 
nursing care. Also the notion that context influences successful implementation of research 
based knowledge and that the two first elements of the framework played a central part in the 
included studies of this thesis.  
PARIHS describes Evidence as research as well as clinical and patient experiences. High 
evidence is when research is well conceived and conducted and when there is a consensus 
about it. Clinical experience should be made explicit and verified through critical reflection, 
critique and debate. Patient experience is when patient preferences are used as part of the 
decision-making process and when patient narratives and experiences are seen as a valid 
source of evidence. Context, is the environment or setting in which people receive healthcare 
services or in the environment or setting in which the proposed change is to be implemented. 
Context comprises three main dimensions: leadership, culture and evaluation [35]. The 
assumption is that the more favourable the context, the better the conditions for successful 
implementation. Where there is clarity of roles, decentralised decision making, valuing of 
staff, transformational leaders and a reliance on multiple sources of information the chances 
of a successful implementation are more likely. How a problem is caused and sustained and 
whether that problem is susceptible to an intervention, basically if any intervention could 
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work may all depend on the context [36]. Facilitation refers to the process of enabling the 
implementation of evidence into practice and facilitators play a key role in the 
implementation process. Facilitation consists of three main dimensions: purpose, role as well 
as skills and attributes [37].  
 
1.4 RNS’ WORK CONTEXT 
RNs are key players in the effective functioning of complex hospital organisations, and their 
ability to provide good patient care is influenced by the context in which they practice. RNs’ 
work context in hospitals has been widely discussed internationally as an important factor for 
their use of research [38-40] their job satisfaction [41], as well as patient satisfaction with 
care [42, 43], and patient outcomes [44-46]. Aiken et al. [47] found that the likelihood of 
patients dying within 30 days of admission was 14% lower in hospitals where RNs had rated 
their work context higher than in hospitals with lower scores. A recent published study on 
healthcare associated infections in critical care, showed that they were less likely to occur in 
work context that were more favourable for RNs [48]. The authors argue that these findings 
demonstrate that efforts to increase the quality of work context are a way to minimise the 
frequency of healthcare associated infections. Improvement of RNs’ work context is 
suggested to be a relatively low cost strategy to improve safety and quality in hospital care 
and to increase patient satisfaction [49]. PARIHS has been used as a theoretical framework 
for several instruments in order to measure context within healthcare settings. The Context 
Assessment Index (CAI) was developed to evaluate the context and to assess healthcare 
organisations’ readiness for use of evidence [50]. CAI measures context through five main 
scales; collaborative practice, evidence-informed practice, respect for the person, practice 
boundaries and evaluation. The Organizational Readiness to Change Assessment (ORCA) 
instrument is developed in order to measure readiness for implementation of evidence-based 
healthcare interventions, through the main scales evidence, context and facilitation [51, 52]. 
The Alberta Context Tool (ACT) assess context within complex healthcare settings, with the 
assumption that context is a central influence on healthcare professionals use of knowledge 
[53]. The ACT adds five additional dimensions to the PARIHS elements of context 
(leadership, culture, and evaluation) namely, information sharing interactions, information 
sharing activities, information sharing processes, structural and electronic resources and 
organisational slack, defined as staff, space and time. The paediatric ACT is designed for 
acute care settings and has previously been used to investigate the influence of organisational 
context on RNs use of research in Canadian paediatric hospitals [40, 54-56]. The paediatric 
ACT has been used in this thesis in order to measure RNs’ work context.  
Context is not only an important factor when it comes to patient safety, it is also crucial to 
understand the work context when designing interventions and when assessing whether an 
intervention strategy that was effective in one setting might work in others.  
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1.5 INTERVENTION STRATEGIES FOR IMPLEMENTATION 
A systematic review has identified a range of intervention strategies to support the 
dissemination and implementation of CPGs [57], but there is still limited understanding 
regarding what approaches that are most effective in what context [20, 58-60].  
The Cochrane Effective Practice and Organization of Care group (EPOC) aims to prepare and 
maintain systematic reviews of interventions designed to improve professional practice and 
the delivery of effective healthcare service. The EPOC group has developed a taxonomy and 
a checklist for interventions that are thought to facilitate the use of known knowledge and 
help to overcome barriers to its adoption in clinical settings [61]. They have grouped the 
intervention strategies into five main categories, namely: 
Financial interventions are divided into two subgroups, provider and patient interventions, 
and include changes in how professionals are reimbursed, incentives and penalties. 
Organisational interventions involve a change in the structure or delivery of healthcare, a 
change in who delivers healthcare, how care is organised or where care is delivered. These 
interventions are divided into two subgroups; provider oriented interventions and patient 
oriented interventions.  
Professional interventions target healthcare professionals through example distribution of 
educational materials, for more examples see Table 1. 
Regulatory interventions include changes in medical liability, management of patient 
complaints, peer review and licensure. 
Structural interventions include changes to the setting or site of healthcare service delivery  
 
A review on the effectiveness and efficiency of guideline dissemination and implementation 
strategies for physicians published in 2004 showed that a majority of the strategies resulted in 
modest to moderate improvements in patient care [57]. The most promising intervention 
strategy to support guideline implementation was in the form of reminders provided verbally, 
on paper or on a computer screen. 
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Table 1. Classification of professional intervention strategies for implementation*  
Strategy  Explanation  
Distribution of educational materials  Distribution of published or printed recommendations for clinical care, including 
CPGs, audio-visual materials and electronic publications.  
Educational meetings  Participation in conferences, lectures, workshops or traineeships. 
Local consensus processes  Participating in discussion to ensure agreement of chosen clinical problem and the 
approach to manage that problem. 
Local opinion leaders  Nomination of colleagues as ‘educationally influential’. The investigators must 
explicitly state that the colleagues have identified the opinion leaders. 
Patient mediated interventions  New clinical information (not previously available) collected directly from patients 
and given to healthcare professionals e.g. scores from an instrument. 
Audit and feedback  Any summary of clinical performance of healthcare over a specified period of 
time. The information may be obtained from patient records, computerised 
databases, or observations from patients. 
Reminders  Patient or encounter specific information, provided verbally, on paper or on a 
computer screen. 
Tailored  Use of personal interviewing, group discussion, or a survey of the targeted group in 
order to identify barriers to change and subsequently design an intervention that 
addresses the identified barriers. 
Mass media  Varied use of communication to reach great numbers of people including 
television, radio, newspapers, posters, leaflets, and booklets, alone or in 
conjunction with other interventions; targeted at the population level. 
 
* Classification of professional interventions from EPOC taxonomy [61] 
 
1.5.1 Computer reminders 
In 2009 a Cochrane review was released that investigated the effects of on-screen point of 
care computer reminders on processes and outcomes of care [62]. Gordon et al. [63, p.4] 
define computer reminders as: 
‘Patient or encounter specific information, provided via a computer console either visually or 
audibly, which is designed or intended to prompt a healthcare professional to recall 
information usually encountered through their general medical education, in the medical 
records or through interaction with peers, and so remind them to perform or avoid some 
action to aid individual patient care’. 
The authors’ definition of ‘point of care reminders’ was that they are delivered at the time the 
clinicians are engaged in the specific target activity, such as documentation in EPR. These 
reminders prompt healthcare professionals to recall information that they may already know 
but that could easily be forgotten, or in the case of decision support, provide information or 
 9 
guidance in an accessible format at a particularly relevant time [62]. The review, which 
mainly included studies on physicians, concluded that a minority of the interventions showed 
larger effects of point of care computer reminders and that the majority achieved small to 
modest improvements in changing healthcare professionals’ behaviour. The authors argue 
that research must identify design features for computer reminders and contextual factors 
associated with larger improvements in changing professional behaviour. The authors also 
state that given the difficulties and resources needed in order to change healthcare 
professionals’ behaviour, reminders are a promising strategy, especially given their low 
cost [62].  
Focus in recent years has been on developing and testing computer reminders in the form of 
Clinical Decision Support Systems (CDSS). CDSS are electronic systems designed to aid 
practitioners directly in clinical decision making by using patient specific characteristics to 
generate recommendations [64]. CDSS refers to any electronic system designed to aid 
directly in clinical decision making by generating patient specific recommendations that are 
presented to clinicians for consideration. 
There are no systematic reviews on the effect of computer reminders on nursing performance 
or patient outcomes. There are however systematic reviews on CDSS [65, 66], which have 
shown that CDSS effectiveness in nursing practice is still inconsistent and that further studies 
are needed in order to identify in which contexts they are most effective. Studies in recent 
years of CDSS have shown improvement in nursing documentation [67] and patient 
outcomes [68] and studies of computer reminders have shown effect on RNs’ adherence to 
CPGs [69] and decreased omissions in nursing care [70].  
 
1.5.2 Evaluating interventions 
According to Campbell et al. [36] many healthcare activities should be considered as 
complex interventions and evaluation is therefore very challenging and requires substantial 
time investment. Different methods can be used in order to identify and measure quality, risks 
and incidents in healthcare systems and data collection is usually the first step for an 
organisational learning process [71]. Data collection is necessary in order to provide a basis 
for prioritising resources, implementing changes and monitoring progress in patient safety 
outcomes [71]. Two commonly used data collection methods in patient safety and quality 
work are incidence reporting systems and structured record reviews [72]. Incidence reporting 
systems refer to the processes and technology involved in the standardisation, formatting, 
communication, feedback, analysis, learning, response and dissemination of lessons learned 
from reported risks and incidents within healthcare [73]. Incidence reporting systems in 
Sweden can provide data on a national, regional and local level, but the scope may differ 
greatly as national and regional systems mainly focus on identifying rare or severe events, 
while local systems often can collect more detailed data for a certain healthcare setting. 
According to the Swedish Patient Safety Act [1] all healthcare professionals are required to 
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report risk for preventable adverse events, as well as events that have led to or might lead to a 
preventable adverse event. Healthcare organisations are also required to investigate and 
report adverse events and risk for adverse events to a higher level. But the underreporting to 
the incidence reporting systems is a concern, which questions their reliability when 
measuring patient safety, or evaluating patient safety initiatives or patient outcomes. 
Structured record reviews are therefore often conducted in order to collect specific data for a 
certain patient safety issue. Retrospective record reviews can play a vital role in order to 
identify, categorise and analyse quality and patient safety problems and can provide the basis 
for healthcare interventions [72]. But retrospective record review of patient records has its 
strengths and limitations as displayed in Table 2. Record review is a valid data collection 
method compared to most other methods and give access to detailed information that can be 
used in order to estimate prevalence and incidence. Record review of patient data collect 
secondary data, as the primary focus for documentation is not to record outcomes for an 
intervention. It can be very time consuming if not standardised and/or structured 
documentation is used, and concerns with reliability will always arise, that is how accurately 
does the documentation reflecting the clinical practice and/or outcomes for patients [72].  
 
Table 2. Strengths and limitations to record review* 
Strengths of record review  Limitations of record review  
Use already available data Rely on documentation quality 
Valid compared to most other methods Hindsight bias 
Can yield detailed information Reliability concerns 
Can detect active failures if adequate documentation Resource extensive for continuously use or on large scale 
Can estimate prevalence and incidence  
Can be used to assess the efficacy of interventions  
*Reference, Unbeck [72] 
 
1.5.3 Patient records 
Healthcare is an information intensive organisation where large amounts of data are in 
circulation between and within the professions that are involved in the individual patient care. 
To ensure that patients receive good and safe care, it is a statutory obligation in Sweden for 
all healthcare professionals, including RNs, to keep patient records of assessment, decision, 
intervention and evaluation regarding patient care and treatments. Patient records include all 
the documents containing information about the patient's health status, other personal 
circumstances, diagnoses, planned and executed interventions and evaluation of outcomes. 
The patient record is a tool that should be available to all who are responsible for the different 
aspects of care and the information should therefore be reliable and easy to understand [74]. 
A recent study by Sharp et al. [75] with the objective to evaluate the documentation in the 
EPR for physicians, RNs and nursing assistants. The study was conducted at a Swedish 
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oncology clinic for adult patients and showed several shortcomings. Findings indicated for 
example that there was a habit of copying text from others and sometimes with new 
information inserted and that there was an unsystematic use of templates and terms, where the 
same type of information could be found in different documentation templates. The authors 
concluded that the documentation found in the EPR provided an obvious risks for patient 
safety and that clarity, purpose and a general redesign is needed in order to support 
communication and improve patient safety.  
RNs have for long been recognised as key collectors, generators and users of patient 
information and the quality and continuity of care is dependent upon the information 
available. The role of the RN as a provider and coordinator of the care given twenty-four hour 
a day means that the exchange and transfer of information is a significant nursing activity 
[76]. Accurate nursing documentation addresses assessments, nursing diagnoses, goals or 
expected outcomes as well as planning of interventions and evaluation of outcomes, but 
studies that have evaluated nursing documentation show that EPRs do not serve as a valid 
source of information concerning patient care and/or outcomes [77-81]. According to Saranto 
et al. [82], the use of structured nursing terminology can promote standardisation of nursing 
documentation, as it has proven to support daily workflow, delivery of nursing care and data 
reuse. A standardised nursing terminology can also facilitate data exchanges in and between 
clinical settings, which contributes to the continuity of care and patient safety [83]. A result 
of the findings in the study by Sharp et al. [75] activity plans were introduced into the EPR. 
Activity plans are designed so that RNs and nursing assistants can easily document planned 
care and assessments in a structured and standardised way, by creating for example lists, 
which can easily be signed off  when completed and evaluated. One of the biggest benefits 
with activity plans is that there is no longer a need to document information in free text, and 
the authors concluded that the introduction of the activity plans contributed to greater clarity 
and less amount of text in the EPR [75]. Another study has shown similar findings 
concerning the introduction of computerised nursing care plans, which increased RNs 
documentation completeness, by more variety of nursing diagnoses, increased 
documentation of signs and symptoms, related factors and nursing interventions [81].  
 
1.6 CPG FOR PERIPHERAL VENOUS CATHETERS IN PAEDIATRIC CARE 
As earlier mentioned, there are few national CPG that give guidance for nursing procedures 
in paediatric care. A large paediatric university hospital in Sweden developed a CPG for 
insertion and management of PVCs in 2010. The guideline was the first hospital wide CPG 
directed to RNs and the objectives were to standardise practice and minimise complications 
related to PVCs. The CPG was developed by RNs with expert knowledge of PVCs in 
paediatric care and was based on published research as well as the RNs’ professional 
experiences. The chief executive officer at the university hospital approved the CPG. The 
CPG contained information concerning PVCs, as well as recommendations on PVC 
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management, e.g. indication for insertion, sizes and insertion sites as well as instructions for 
insertion, management and removal and information and recommendations concerning PVC-
related complications.  
A PVC is a small catheter (flexible tube) placed into a peripheral vein in order to administer 
medication or fluids. The catheter is introduced into the vein by a needle, which is removed 
after insertion and the catheter remains in the vein. The PVC is then attached to the patient by 
taping it to the skin. Most paediatric patients require PVCs for the administration of 
pharmacological and nutritional support so the insertion, maintenance, removal, replacement 
and documentation of PVCs are very common procedures that RNs in Sweden perform on a 
daily basis.  
It is essential to maintain optimal function of PVCs in paediatric care as re-insertion is often 
highly stressful for the patient [84] and that re-insertion of a PVC may lead to considerable 
procedure-related pain and anxiety, which also is stressful for the staff and the patients’ carers 
[85]. In addition, PVC insertion is a time-consuming procedure [84, 86] and the first-attempt 
insertion success rate is reported to be only 38.9% in patients up to two-years-of-age [84]. As 
PVCs in paediatric care should be replaced when clinically indicated [87] it is of high 
importance that daily inspections of PVCs’ insertion sites and function controls are 
performed regularly. Indwelling PVCs might lead to complications such as infection, 
infiltration, occlusion or thrombophlebitis that can affect patients’ health and wellbeing [88]. 
The most common individual PVC-related complication among paediatric patients seems to 
be infiltration, which ranges from 16% to 78% [89-97]. The reported incidence of 
thrombophlebitis and occlusion varies from 0% to 13% [92, 94, 96-101] and 0.2% to 26% 
[91, 93, 94, 96, 97, 102] respectively, and infections account for 0% to 8% of PVC-related 
complications [89, 92, 99, 100, 103, 104]. 
Although healthcare organisations are obliged to report outcomes and adverse events in 
medical and nursing treatment, there is currently no register of the occurrence of PVCs and 
complications at a national or local level. So data from EPRs are needed in order to evaluate 
the management of PVCs and occurrence of signs and symptoms of PVC-related 
complications. There are however no studies on the accuracy on PVC documentation in 
paediatric care, but research among adult patients indicate that patient records are lacking 
information about insertion and removal in 30–50% of the inserted PVCs [79, 105].  
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2 RATIONALE 
EBP should be the basis for Swedish healthcare, but studies from the last decades have shown 
that there is a knowledge translation gap between evidence, based on research findings, and 
clinical practice. There are several barriers for RNs knowledge translation and the most 
prominent ones are lack of time, skills and support to translate research findings into actual 
practice. CPGs have been proposed as a strategy to condense and disseminate research 
findings, but their existence alone do not minimise the gap, they have to be adapted and 
implemented into the everyday practice. It is known that RNs’ work context is related their 
use of research and job satisfaction, but little is known about the relationship between work 
contextual factors and RNs’ adherence to CPGs. Computer reminders might work as a way to 
support CPG implementation and have shown potential to minimise the knowledge 
translation gap, but insights into their effect on patients’ outcomes, RNs’ adherence and in 
what context they are most effective is still relatively unknown. Therefore, this thesis has the 
objective to contribute with knowledge concerning what factors in RNs’ work context that 
influence their adherence to a CPG for PVCs. Furthermore, to bring knowledge of the 
effectiveness of implementing CPG recommendations as computer reminders on patients’ 
outcomes and RNs’ adherence in an acute care paediatric context.  
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3 AIMS 
The overall aim of this thesis was to evaluate the effects of implementing recommendations 
from a CPG for PVCs as reminders in EPRs in paediatric care and to describe factors of 
importance for the implementation process and outcomes. 
 
3.1 SPECIFIC AIMS 
The specific aims were to:  
§ Compare the accuracy and completeness in the recording of PVCs before and after 
implementing a template for documentation in the EPR (paper I) 
§ Describe characteristics of PVCs, including dwell time and reasons for removal, and 
explore factors associated with PVC-related complications (paper II) 
§ Describe RNs’ adherence to a CPG for managing PVCs, the RNs’ perceptions of their 
work context, and the ways that work context and RNs’ characteristics related to 
guideline adherence (paper III) 
§ Investigate the effects of implementing a CPG for PVCs in the format of reminders 
integrated in EPRs, on PVC-related complications and RNs’ self-reported adherence to 
the guideline (paper IV) 
§ Study the relationship between contextual factors and the outcome of the intervention 
(paper IV) 
 
3.2 OUTCOME MEASURES 
Paper I  Documentation of PVCs and related complications 
Paper II  Characteristics of patients and documented PVCs, dwell time and PVC-related 
complications 
Paper III  RNs’ self-reported adherence to three CPG recommendations for PVCs 
 Context as perceived by RNs 
Paper IV  Primary outcome was documented signs and symptoms of PVC-related 
complications  
Secondary outcomes was RNs’ self reported adherence to three CPG 
recommendations for PVCs and their self reported work context  
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4 METHOD 
This thesis includes two studies presented in four papers. The first study is presented in paper 
I and the second study in papers II-IV.  
The method section will present the settings, interventions, study participants, data collection 
and analysis. Table 3 presents an overview of the papers included in this thesis.  
 
Table 3. Overview of the papers’ design, aim, sample and methods for data collection 
Paper Design Aim Sample Data collection 
I Before and after 
study 
 
Compare the accuracy and completeness in the 
recording of PVCs before and after implementing a 
template for documentation in the EPR 
Patients with 
PVCs 
 
Observations   
Audit of EPRs 
II Descriptive study Describe characteristics of PVCs, including dwell 
time and reasons for removal, and explore factors 
associated with PVC-related complications 
Documented 
PVCs and 
patient data 
 
Audit of EPRs 
 
III Cross-sectional 
survey 
Describe RNs’ adherence to a CPG for managing 
PVCs, the RNs’ perceptions of their work context, 
and the ways that work context and RNs’ 
characteristics related to guideline adherence 
RNs Questionnaire 
IV Cluster 
randomised study 
Investigate the effects of implementing a CPG for 
PVCs in the format of reminders integrated into the 
EPR, on PVC-related complications and RNs’ self-
reported adherence to the guideline. Additional aim 
was to study the relationship between contextual 
factors and the outcome of the intervention 
Documented 
PVCs and 
patient data 
RNs  
 
Audit of EPRs 
Questionnaire 
 
4.1 STUDY SETTINGS 
The Swedish healthcare system is mainly government-funded, though private establishments 
do exist. Healthcare is organised on three levels: national, regional and local. The national 
level establishes principles and guidelines for care and sets the political agenda for health and 
medical care. The Ministry of health along with other government bodies supervises activities 
at the lower levels, allocating grants and periodically evaluates services to ensure that 
national goals are meet. At the regional level, responsibility for financing and providing 
healthcare is decentralised to the county councils and regions. A county council/region is a 
political body whose representatives are elected by the public every four years. The executive 
board of a county council/region exercises authority over healthcare structure and 
management, and are responsible for efficient healthcare delivery.  
The studies included in this thesis have been conducted at a paediatric division of a large 
urban university hospital within the Stockholm county council. The paediatric division, also 
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called hospital, is divided into eight departments with a steering committee that is lead by the 
Head of the paediatric division/hospital. These eight departments have different specialties 
such as neonatology, oncology, paediatric surgery, paediatric medicine, orthopaedics, 
intensive care units, the operating theatre and anaesthetics and paediatric emergency care. 
The paediatric hospital admits patients from 0 to 18 years of age, with some exceptions for 
older patients within some diagnostic groups. At the time these studies the hospital had a 
capacity of approximately 245 beds and consisted of 18-19 inpatients unit, and between 850-
940 RNs were employed.  
The first transition from paper based patient records to EPR at the hospital took place in 1997 
and the current EPR system, TakeCare [106], at the hospital was introduced in 2004. 
TakeCare is the most widely used EPR system in Sweden with about 37000 users [106]. The 
intensive care units at the university hospital used an EPR system called CliniSoft [107] and 
the paediatric intensive care unit joined that system in 2006 and the neonatal intensive care 
units in 2011. There were computers with access to the EPR system at every unit, though the 
number of computers per nursing station varied throughout the hospital.  
 
4.2 INTERVENTIONS  
Previous research findings on PVC documentation among adult patients indicated that EPR 
did not accurately reflect patient care and outcomes and suggestions concerning development 
and implementation of standardised terms and guidelines were recommended in order to 
increase the accuracy and completeness of PVC documentation [79].  
  
4.2.1 The PVC template 
In order to measure the outcome variable in paper IV, namely PVC-related complications we 
needed to investigate the accuracy of PVC data from EPRs. A template for documenting 
PVCs was activated in the EPR system TakeCare in May 2009 as part of paper I (Figure 1). 
The template was as an alternative way to document PVCs, meaning that PVCs could still be 
documented in e.g. free text. In order to evaluate the management of PVCs and prevalence of 
complications, a minimum of information concerning insertion date, side, site and size is 
needed [105, 108, 109]. This meant that the fields for documenting PVC insertion in the 
template were made mandatory, meaning that they had to be documented in order to save and 
close the template (Figure 1). Because of EPR design restrictions, the fields relating to PVC 
removal could not be made mandatory. Insertion and removal dates needed to be manually 
entered. The other fields provided multiple drop-down options where one option had to be 
selected (Table 4). The template could be re-opened at any stage to check previously saved 
information or to enter information relating to PVC removal.  
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* Mandatory fields 
Nurse Managers were informed about the PVC template at their monthly meetings. RNs with 
special responsibility for documentation and hygiene were instructed on the template and 
received instruction leaflets, on how to document in the template, to distribute in their units 
(paper I). 
 
 
Figure 1. The PVC template in 2009 (paper I) 
 
4.2.2 The computer reminders  
The PVC template was further developed in 2011 (paper IV) by adding drop down fields for 
reason for insertion, insertion attempts and daily inspection day 1-10 (more days could be 
added) (Figure 2 and Table 4). These alterations were made on request from users as well as 
further attempts to develop and evolve the structure and standardised documentation of 
PVCs.  
The reminders were integrated in the PVC template at the intervention units as part of a 
cluster randomised study (paper IV). The reminders were designed as speech bubbles that 
appeared on the screen for 20 seconds when the cursor was moved over the template (Figure 
2). The reminders had a font and a background colour that deviated from the template. They 
consisted of five recommendations originating from the CPG for PVCs: disinfection of 
hands, use of disposable gloves, fixation of and choice of PVC size, inspection of insertion 
site and documentation of removal cause (Table 4). These recommendations were chosen as 
reminders as the adherence to them was presumed to have the greatest impact on reducing 
PVC-related complications [87]. 
Nurse Managers at all included units were informed about the study in general and no 
specific information was given to the intervention units. Mouse pads containing information 
on how to document PVCs in the PVC template were distributed to all units (paper IV). 
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* Mandatory fields  
 
    
Figure 2. The PVC template and one of the reminders in 2011 (paper IV)  
 
Table 4. Fields for documentation in the PVC template and the related reminders 
Fields  
 
Text field and drop-down options  Reminders at intervention units  
 
Insertion date   
 
yyyy-mm-dd  
 
Reminder! Disinfect your hands and forearms, 
use disposable gloves. Disinfect the insertion 
area thoroughly. Fixate the PVC well, make 
sure that the insertion site can be observed 
Reason for insertion a  Intravenous therapy /preparation for surgery or 
examination /risk that the patient can deteriorate 
/no obvious reason /other reason (free text) 
 Reminder! Always use aseptic technique when 
managing the PVCs and the catheter system 
Insertion attempts a   1 / 2 / 3 / 4 / 5 / Other number (free text)    
Side   Right/Left    
Size   26G(Purple) /24G(Yellow) /22G(Blue)     
/20G(Pink) /18G(Green) /17G(White) /16G(Grey) 
 Reminder! Chose as short and thin PVC as 
possible 
Site   Hand /Wrist /Forearm /Bend of arm /Groin /Foot 
/Ankle /Scalp /Lower part of the leg /Other site 
(free text) 
  
Removal date   yyyy-mm-dd  Reminder! Document the reason for removal 
Removal cause  
 
 Completed treatment /Occlusion /Pain        
/Suspicion of infection /Thrombophlebitis 
/Thrombosis /Infiltration /Other reason for 
removal (free text) 
  
Inspection day,  
1-10 a 
 No signs or symptoms of complications 
/Erythema /Swelling /Heat /Pain /Pain at palpation 
/Pus or liquid /Other sign or symptom (free text) 
 Reminder! Remove the outer dressing, inspect 
the insertion site and flush the PVC. Ask the 
patient for PVC-related pain and pain at 
palpation. Assess whether the PVC should 
remain in situ 
 
a Introduced at all units in 2011 (paper IV) 
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4.3 STUDY PARTICIPANTS   
This thesis involved patients with PVCs (papers I, II, IV) and RNs (papers III, IV) at a 
paediatric university hospital. This section will describe the inclusion and exclusion criteria 
for each paper as well as the study periods, participants and the final samples. Table 5 
presents the participants, final sample and the data collection periods for paper I-IV. 
 
4.3.1 Paper I 
This paper involved all 19 inpatients units at the paediatric hospital that used the EPR system, 
TakeCare to document PVCs, excluding two intensive care units and the operating 
theatre/anaesthetic unit. The advanced home care and the emergency department were 
excluded due to logistical problems concerning patient flow and location of patients, which 
resulted in a final sample of 14 inpatient units.  
Inclusion criteria for patients with PVCs were that they were admitted to one of the 14 and 
were available at the unit at the time for data collection units, One or several PVCs from the 
same patient could be included. Exclusion criteria were if the patients were not to be 
disturbed because of their medical conditions or if the patients/carers chose not to participate 
(Table 5). Final sample of PVCs for the three data collection occasions were 65 PVCs at 
baseline in 2008, 66 PVCs at post-intervention I in 2009, and 45 PVCs at post-intervention II 
in 2010.   
 
4.3.2 Paper II 
This study involved all 19 inpatient units at the paediatric hospital that had access to the PVC 
template in the EPR system TakeCare, excluding four intensive care units, one neonatal unit 
and the operating theatre/aesthetic unit. The emergency department was also excluded, as the 
RNs did not care for patients with PVCs for a longer period of time. After exclusion, the final 
sample resulted in 12 inpatient units, out of which two were neonatal units and one a neonatal 
intensive care unit. These units admitted premature patients, born between gestational week 
23 and 36 plus 6 days, together with newborn infants of <2 weeks old who required highly 
specialised care.  
PVC data were based on the total sample of 5269 PVCs retrieved from the EPR for paper IV 
(Table 5). Inclusion criteria for paper II was one PVC per patient, so patients who had more 
than one PVC documented in the template, consecutively or concurrently, the first registered 
PVC with complete documentation of insertion date, removal date and reason for removal 
was included. Another exclusion criteria were patients older than 18 years of age. The final 
sample consisted of 2032 PVCs/patients, whereas 484 patients were admitted at neonatal 
units and 1548 at paediatric units.  
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4.3.3 Paper III 
This paper involved all inpatient and outpatient units at the paediatric hospital. Units with the 
same Nurse Manager were considered as one unit, resulting in 26 included units. Units that 
admitted both paediatric and adult patients (one intensive care unit) and units where the RNs 
did not handle PVCs (two outpatient units) were excluded, which resulted in a final sample of 
23 units. The total population of RNs was 886 RNs (Table 5). Exclusion criteria were if they 
only performed administrative duties, were on parental leave, sick leave or studied full time 
during the data collection period (n=179), worked on units that also admitted adult patients 
(n=27) or reported that they did not manage PVCs (n=41). The questionnaire was sent out 
to 639 RNs and 266 were non-respondents, resulting in a final sample of 373 RNs (58.4% 
response rate). The median number of respondents per unit was 18 RNs (range 4–27). 
 
4.3.4 Paper IV 
The inclusion and exclusion criteria for units for the cluster randomised study, were the same 
as for paper II, resulting in a final sample of 12 units. One unit in the intervention group 
changed to another EPR system 60 days after the introduction of the reminder. This unit was 
therefore only included for 60 days post-intervention and, consequently, also 60 days at 
baseline.  
4.3.4.1 Sample size calculation and randomisation  
In a record review in 2009 performed at 14 inpatient units at the paediatric hospital, we found 
87 PVCs in 147 patients, which yielded an expected number of 6 PVCs on each unit during 
five days. The proportion of documented PVC-related complications in the EPR, discovered 
during the record review, were 34%. The record review indicated that it was appropriate to 
split participating units in two strata based on the expected prevalence of PVCs. Eight units 
(surgery, cardiology, orthopaedic, neurology, two infection units, advanced homecare and 
neonatal intensive care unit) were in the strata of high occurrence of PVCs, while four units 
(oncology, haematology and two neonatal units) were in the strata of lower occurrence. An 
expected decrease of complications for the intervention units was set at 6-10% based on 
findings from systematic reviews [57]. 
A sample size calculation was performed to estimate the number of documented PVCs 
required [110]. The sample size of 1213 PVCs, about 100 PVCs per unit, was calculated to be 
necessary to have 80% power to detect a difference in complications of OR=1.5 between 
control and intervention groups at a significance level of 5% and an intra-cluster coefficient 
of 0.001 on unit level. The results from paper I that a majority of the observed PVC-related 
complications were not documented in the EPR, led to that a total of 1213 PVCs from the 
EPR were to be included in each group at both baseline and post-intervention in order to 
secure power. The cluster randomisation was carried out by a third person through a simple 
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draw of lots from each of the strata, allocating six units to the control and intervention groups, 
respectively.  
Data on the primary outcome variable was retrieved from EPRs retrospectively at baseline 
and prospectively post-intervention. Each PVC was counted as one case and the PVCs should 
have been inserted and documented in the PVC template at any of the twelve units at baseline 
(before the 11th of January 2011, the introduction of the computer reminders) and post-
intervention (after the 1st of April 2011). PVCs with no complete documentation of reason 
for removal were excluded (Table 5), resulting in a final sample of 626 PVCs in the 
intervention group at baseline and 618 post-intervention and 724 PVCs at baseline for the 
control group and 674 post-intervention.  
The secondary outcome was RNs’ self-reported adherence to the PVC guideline. The 
inclusion criteria for RNs were that they worked at one of the 12 units at the time for data 
collection (Table 5). The exclusion criteria were the same as for paper III, excluding 4 RNs at 
baseline and 13 RNs post-intervention, which resulted in that 324 RNs received the 
questionnaire at baseline and 291 post-intervention. The final sample of RNs at baseline was 
212 (65.4% response rate) and 208 RNs (71.5% response rate) post-intervention. The mean 
number of respondents per unit was 17 RNs in both groups and the percentage of RNs 
responding at the intervention and control units ranged from 55–72% and 53–89% 
respectively. 
 
4.4 DATA COLLECTION AND ANALYSIS 
Data was collected through observations of patients with PVCs and eventual signs and 
symptoms of PVC-related complications (paper I), audit of the EPR (papers I, II, IV) and 
through questionnaires to RNs (papers III, IV).  
Categorical data is presented as frequency counts and percentage. Symmetrically distributed 
data is presented as mean and standard deviation. Asymmetrically distributed data is 
presented as median and range. Data was analysed using the Statistical Package for the Social 
Sciences (SPSS) statistical software version 15.0, 16.0 and 20.0 (SPSS Inc., Chicago, IL, 
USA) as well as Stata version 13 (StataCorp LP, College Station, TX, USA) and SAS PROC 
GLIMMIX.  
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4.4.1 Paper I 
Data constituted of observations of patients with PVCs and audit of EPRs.  
4.4.1.1 Data collection 
Observations of patients with PVCs 
The observations of patients with PVCs were performed using a protocol that had previously 
had been used for observations of adult patients with PVCs [111]. The protocol consisted of 
six main sections: patient data, PVC, outer dressing, inner dressing, three-way stopcock with 
or without extension tube or needle-free access devices and signs and symptoms of PVC-
related complications. Paper I focused on 23 items concerning patient data (three items), PVC 
(eight items) and signs or symptoms of complications (12 items). One data collector 
performed the observations and audit of EPRs at baseline and another data collector joined 
for the post-intervention observations and the audit of EPRs. The data collectors were RNs 
who had a good knowledge and experience of PVCs and paediatric care. 
Audit of the EPRs 
All parts of the EPRs were audited using a protocol based on the protocol for the observations 
of PVCs. The protocol was divided into six main sections: patient data, PVC, outer dressing, 
inner dressing, three-way stopcock/needle-free devices/closing cap and signs and symptoms 
of complications. This paper focused on 17 items concerning patient data, PVC and signs and 
symptoms of PVC-related complications. All participants’ EPRs were audited retrospectively 
from the approximate date of insertion (the exact date was not always documented) to the 
documented day of removal. If removal was not documented, the patient record was audited 
from the date of data collection and two weeks ahead.  
4.4.1.2 Data analysis 
To detect differences in categorical variables between the data collection occasions, the chi-
square test or Fisher’s exact test were applied (baseline vs. post-intervention I, post-
intervention I vs. post-intervention II and baseline vs. post-intervention II. Statistical 
significance was set at p < 0.05. 
 
4.4.2 Paper II 
Data concerning PVCs, reasons for removal and patient characteristics were based on the data 
collection performed for paper IV, where baseline and post-intervention data for the cluster 
randomised study was collected from EPRs. 
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4.4.2.1 Data collection 
Data on PVCs and patient demographics (age, sex, admission type, and length of stay) were 
collected from EPRs with support from the County Council’s IT/EPR administration. Data 
concerning PVC-related complications, insertion date, size, site and side and removal date 
was derived from the PVC template. The PVC template included eight different dropdown 
options for removal of PVCs (Table 4). When the removal cause “other reasons for removal” 
was used but an explanatory text was missing, records were manually reviewed for more 
detailed information. Data concerning patient’s date of birth, gender, admission type as well 
as discharge date were extracted from the EPR system for all participants that had one or 
several PVCs documented in the template. Incomplete data were manually searched for in the 
EPR.  
4.4.2.2 Data Analysis 
Altogether, nine groups of reasons for removal were included. Reasons due to PVC-related 
complications were; infiltration, occlusion, signs and symptoms of thrombophlebitis, 
suspicion of infection or wound. Elective reasons were; completed treatment, PVCs 
accidentally removed, re-sited PVC in connection with blood sampling or change to central 
venous access device or other reasons. Subgroup analyses of neonatal and paediatric patients 
were undertaken to compare complications between these subsets of participants. 
PVC dwell time was counted in days. PVC survival time was defined as the interval between 
PVC insertion date and removal date due to complication. The PVC survival function was 
estimated by the Kaplan-Meier method. The event in the calculations was the reason for the 
removal of the PVCs due to complications and removal due to other reasons were censored at 
the time of PVC removal. Differences in PVC survival time between paediatric and neonatal 
units were compared by the log-rank test.  
The reasons for removal rate per 1000 PVC days was calculated as the sum of PVCs removed 
divided by the number of PVC days multiplied by 1000. Differences in incidence rates were 
tested using Poisson regression for individual-level data with PVC days as exposure. 
Potential factors (PVC characteristics and patient demographics) associated with the two 
most common complications found in paper II (infiltration and occlusion) leading to removal 
of the PVC were explored using simple and multiple logistic regression analyses for 
paediatric and neonatal patients, respectively. Few PVCs were of size 18 gauge (n= 5), which 
is why these PVCs were merged with PVCs of size 20 gauge in the analyses. PVCs inserted 
in the groin (n = 3) or neck (n= 1) were excluded from the analyses due to the small numbers. 
The variable length of stay and type of admission were excluded in the regression analyses 
due to multicollinearity. The reference groups for the simple and multiple regression analyses 
were as follow; sex (female), insertion time (morning), PVC size (18/20 gauge), PVC side 
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(right), and PVC site (hand). All variables with a p-value < 0.05 in the simple analyses were 
introduced in the multiple regression analyses. 
 
4.4.3 Paper III 
Data was collected through a questionnaire and the data collection period stretched from 
October 2009 to January 2010.  
4.4.3.1 Data collection 
The questionnaire consisted of 104 items divided into five main sections: management of 
venous catheters (central and peripheral), work context, sources of knowledge, research 
utilization and RNs’ characteristics. Paper III focused on the sections concerning RNs’ 
management of PVCs (6 items), work context (59 items) and RNs’ characteristics (13 items).  
The questionnaire was placed in the RNs’ mailboxes throughout the hospital. A cover letter 
providing information about the study and a prepaid envelope addressed to a registration 
bureau accompanied the questionnaire. In addition, all RNs received an e-mail informing 
them about the study. Three rounds of reminders were distributed via e-mail to non-
responders.  
Management of PVCs 
Data concerning RNs management of PVCs were collected through six items based on 
recommendations from the hospitals CPG. The items were answered on a 5-point Likert scale 
with the following response options: never, rarely, occasionally, frequently, and always. 
Three of the items were selected because adherence to them was presumed to have the 
greatest impact on patients with PVCs [112]: How often do you disinfect your hands with 
alcohol-based products before managing PVCs? How often do you use disposable gloves 
when managing PVCs? How often do you perform daily inspection of PVCs’ insertion sites? 
One item addressed whether the RNs knew about the hospital’s CPGs for venous catheters in 
paediatric care, with the response alternatives yes and no. 
Work context 
Work context was measured with the ACT, conceptually framed by the PARIHS framework, 
and designed to assess context within complex healthcare settings [53]. The ACT consist of 
59 items organised into eight dimensions measuring organisational context: (1) leadership, 
reflecting emotionally intelligent leadership; (2) culture, reflecting a supportive work culture; 
(3) evaluation, the use of data to assess the unit’s performance (e.g., infection rates); (4) 
information sharing interactions, informal exchanges between individuals working in a unit 
that can promote the transfer of knowledge; (5) information sharing activities, formal 
exchanges that occur between individuals in a unit through scheduled activities that can 
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promote the transfer of knowledge; (6) information sharing social processes, active 
connections among people that reflect trust, mutual understanding, and shared values and 
behaviours; (7) structural and electronic resources, material and structure features that 
facilitate the ability to access and use  knowledge; and (8) organisational slack, representing 
the three sub-concepts; staff, space, and time, which reflect buffering mechanisms in the 
work-flow process. 
The ACT dimensions 1, 2, 3, 6, and 8 were answered on a five-point Likert scale with the 
response alternatives strongly disagree, disagree, neither agree nor disagree, agree, and 
strongly agree. Dimensions 4, 5, and 7 were answered on a five-point Likert frequency scale 
with the possible responses never, rarely, occasionally, frequently, and almost always. 
Common for all dimensions was that a higher score indicated a more positive or a stronger 
work context.  
The ACT used in this thesis has been modified specifically for paediatric acute care settings 
[113]. Permission to use the translated Swedish ACT version was granted by the developers. 
The ACT has been pilot tested in Swedish hospital settings, showing acceptable reliability 
(Cronbach’s α 0.59 - 0.88) and acceptable properties regarding validity [114]. For the study 
presented in paper III, Cronbach’s α for the eight dimensions ranged between 0.74 and 0.90, 
except for information sharing activities, structural and electronic resources, and 
organisational slack (space), for which Cronbach’s α ranged between 0.59 and 0.71. 
RNs characteristics  
The section on RNs’ characteristics included 13 items: RNs’ educational level (basic–
advanced), years since receiving the nursing certificate, participation in research activities 
(yes– no), employment (full time–part time), age (years), and gender.  
4.4.3.2 Data analysis 
To analyse the relationship between individual or context characteristics and GPG adherence, 
a first set of logistic regression analyses (simple and multiple) was performed using work 
context dimensions and demographics as independent variables and adherence to the CPG 
recommendations as dependent variables.  
Dependent variables 
The scorings from RNs’ self-reported adherence to the three CPG recommendations 
(disinfection, usage of disposable gloves and inspection) were dichotomized into always 
versus not always (the latter representing the response alternatives never, rarely, occasionally, 
and frequently). 
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Independent variables  
The ACT dimensions using a five-point Likert agreement scale were scored from 1 (strongly 
disagree) to 5 (strongly agree) and analysed by calculating the mean of each dimension. For 
the dimensions using a five-point Likert frequency scale (information sharing interactions, 
information sharing activities, and structural and electronic resources) scoring was 
transformed as follows: never and rarely=0, occasionally=0.5, frequently and always=1.  
Responses were then analysed by calculating the total sum for each dimension. The ACT 
dimension mean scores per units were calculated by adding the dimension sum scores of RNs 
at each unit and then dividing by the number of RNs at the unit.  
The background variables of age, highest level of education, participation in research 
activities, and employment were dichotomized into 37 years or younger versus older than 37 
years (37 years was the median age), basic education (certificate or bachelor’s) versus 
advanced (1-year master or specialist post-registration qualification), participated versus did 
not participate in research, part-time versus full-time work and knowledge about the CPGs 
for venous catheters versus no knowledge of the CPGs. The number of years since each 
respondent had completed the nursing certificate was treated as a continuous variable.  
The variables that were significant (p < 0.05) in the simple logistic analyses were included in 
the multiple logistic regression analyses. An additional set of multilevel regression was 
performed to adjust for the correlation within the clinical unit with respect to the outcome 
variables. The data were analysed in both simple and multiple logistic regression models, and 
type 3 test analyses were used to evaluate the statistical significance of each variable included 
in the statistical model. The final logistic regression model was derived using backward 
elimination.  
One-way ANOVA (analysis of variance) was used to test for differences between units 
regarding dimensions of context. Intraclass correlation (ICC) analysis was conducted to 
examine to what extent the variation in scorings depended on respondents’ were being nested 
in units.  
 
4.4.4 Paper IV 
The data collection period for PVC-related complications in order to reach sufficient power 
stretched from December 2009 to December 2010 at baseline and from April 2011 to January 
2012 post-intervention (Table 5). Data on RNs’ adherence to the CPG and their perceived 
work context were collected through the same questionnaire used in paper III. The data 
collection for RNs at baseline was the same as for paper III, stretching from October 2009 to 
January 2010, while the post-intervention data collection was from May to September 2011 
(Table 5).  
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4.4.4.1 Data collection 
PVCs, related complications and patients 
Data concerning PVCs and patient demographics were collected in the same manner as in 
paper II.  
RNs’ adherence and context 
Data concerning RNs’ adherence and work context were measured with the same 
questionnaire as used in paper III. Four rounds of reminders were distributed via e-mail to 
non-responders at baseline and three rounds post-intervention.  
 
4.4.4.2 Data analysis 
PVC-related complications 
Documented reasons for PVCs removal due to complications comprised: infiltration 
including extravasation, occlusion, signs and symptoms of thrombophlebitis, suspicion of 
infection, wounds and PVCs accidentally removed. Exact 95% confidence interval for 
proportions based on the binomial distribution are provided. Differences between intervention 
and control groups from baseline to post-intervention in reasons for removals of PVCs were 
analysed using logistic regression analysis.  
An interaction effect of being in the intervention group post-intervention was used for 
assessing the intervention effect. A result of an increased adherence to the CPG could have 
been an increased number of PVC days; thus the difference of PVC mean days from baseline 
to post-intervention was analysed using linear regression.  
Adherence 
RNs’ adherence to the CPG were measured and treated in the same manner as for paper III. 
Statistical analysis of intervention effect on RNs’ self reported adherence was done as for 
analysis of PVC-related complications.  
Context 
This paper focused on the three dimensions of context defined by the PARIHS framework, 
namely leadership, culture and evaluation. These variables were treated in the same manner 
as for paper III.  
The cut-off to categorise RNs contextual dimension mean scores from the baseline 
measurement was: > 3.5 were categorised as high and ≤ 3.5 as low [38, 40, 115]. Data were 
grouped using the mean score of each individual on the three contextual dimensions. RNs 
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total context scores were also used to allocate them into four context groups; high context, 
which represented high scores on all three context dimensions; moderately high context, high 
score on two dimensions and a low score on one; moderately low context, high score on one 
dimension and low on the two remaining; and low context, low score on all three context 
dimensions. The number of RNs per context group were calculated and then divided into 
intervention or control group. Fischer’s exact test was applied between the four context 
groups and intervention and control units and statistical significance was set at           p < 
0.05. 
 
An overview of the statistical methods used in papers I-IV is shown in Table 6. 
 
Table 6. Overview of the statistical methods included in the thesis  
Method Paper I Paper II Paper III Paper IV 
Descriptive  x x x x 
Cohen’s kappa x    
Chi-square test x    
Fisher’s exact test x   x 
Kaplan-Meier method  x   
Log-rank test  x   
Poisson regression  x   
Simple and multiple logistic regression analyses  x x x 
Multilevel logistic regression analysis   x  
One-way ANOVA   x  
Intraclass correlation (ICC)   x  
Linear regression    x 
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5 ETHICAL CONSIDERATIONS 
Approval to conduct the two studies was granted by the head of the paediatric hospital and by 
the Regional Ethics Review Board in Uppsala (No.2008/107 and 2008/360).  
Patients and their carers, in the first study (paper I) were informed both verbally and in 
writing about the study and asked for consent for the observation and record audit. Before 
asking patients or family members concerning participation in the study, discussions with 
RNs working at the units concerning the patients’ situation and care were carried out. Some 
patients were too sick or the situation was just not right to ask for participation in the study. 
The observations did not cause patients any harm or discomfort and the participants were 
informed both verbally and in writing that they could withdraw from the study at any time. 
When signs and symptoms of complications were observed RNs were not informed, as it 
could affect their documentation.    
The collection of data on PVCs and patients from the EPR system in the second study (papers 
II-IV) was also granted by each department chairman at the paediatric hospital. The data 
collection focused on characteristics of PVCs and reasons for removal, while patient data 
focused on gender, age and reason for admission. Data concerning documentation was 
summarised at a unit level and never on an individual level.  
A letter to RNs that clarified the confidential handling of the research data and the voluntary 
nature of participation accompanied the questionnaire. Informed consent was assumed 
through the return of the questionnaire. An independent registration bureau received and 
registered the RNs answers.  
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6 FINDINGS  
This section presents the main findings from the papers presented in this thesis; Accuracy and 
completeness in PVC documentation (paper I); PVCs, dwell time, reasons for removal and 
factors associated with PVC-related complications (paper II); RNs’ adherence and work 
context (paper III); and, effects of the computer reminders (paper IV).  
 
6.1 ACCURACY AND COMPLETENESS IN PVC DOCUMENTATION (PAPER I) 
A significant increase in PVCs with complete documentation and documentation of removal 
was observed post-intervention, i.e. after the introduction of the PVC template, compared to 
baseline (Table 7). The documentation of PVC insertion did not improve, but there was an 
increase in the documentation of size and side post-intervention. The percentage of PVCs 
with documentation of any kind was relatively stable (85-93%). One of the 22 signs and 
symptoms of complications observed before the intervention was documented in the EPR and 
none of the complications (n=17 and n=9) post-intervention. 
 
Table 7. Documentation of PVC in the EPR at baseline and post-intervention 
 Baseline n=65 
 Post-intervention I 
 n=66 
Post-intervention II 
 n=45 
 
 
P-value a  n (%) n (%) n (%) 
Insertion date 50 (77) 44 (67) 34 (76) 0.868 
Size 26 (40) 31 (47) 28 (62) 0.022 
Side 41 (63) 46 (70) 39 (87) 0.006 
Site 52 (80) 50 (76) 42 (93) 0.051 
Insertion (Date, size, side & site) 20 (31) 21 (32) 22 (49) 0.054 
Removal (Date, size, side & site) 0 (-) 5 (8) 4 (9) 0.026 
Complete documentation 
(Date, size, side & site at insertion & removal) 0 (-) 5 (8) 4 (9) 0.026 
Any kind  
(Insertion date, size, side, site or removal date) 59 (91) 56 (85) 42 (93) 0.735 
 
a Chi-square test or Fisher's exact test was performed for baseline vs. post-intervention II.  
 
6.2 PVCS, DWELL TIME, REASONS FOR REMOVAL AND FACTORS 
ASSOCIATED WITH PVC-RELATED COMPLICATIONS (PAPER II) 
6.2.1 Characteristics of PVCs 
For the 2032 PVCs included, the median time for PVC in situ was 2 days (range 1-14). The 
PVC sizes most frequently inserted were 0.7 mm/24 gauge (51.9%) followed by the smaller 
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size, 0.6mm/26 gauge (25.1%). The most common PVC sites were on the hand (39.3%) or in 
the bend of the arm (34.3%). The PVCs were equally inserted on the left or the right side of 
the body and most PVCs (40.9%) were inserted during evening shifts (Table 8).  
 
Table 8. Characteristics of documented PVCs/patients in paediatric and neonatal units 
 Total sample n=2032 
Paediatric units 
n=1548 
Neonatal units 
n=484 
Patients        
Median age (range) 1 year (0.0-18) 4 years (0.0-18) 2 days (1-78) 
Sex, n (%) 
Male 
Female 
 
1140 
892 
 
(56.1) 
(43.9) 
 
862 
686 
 
(55.7) 
(44.3) 
 
278 
206 
 
(57.4) 
(42.6) 
Median length of stay, days (range) 4 (1-255) 3 (1-255) 12 (1-194) 
Type of admission, n (%) 
Acute 
Elective 
 
1475  
557 
 
(72.6) 
(27.4) 
 
991 
557 
 
(64.0) 
(36.0) 
484 (100) 
PVS       
PVC in situ, median days (range) 2  (1-14) 2  (1-14) 3  (1-10) 
Time for insertion (%) 
      Morning (07.01 – 14.00) 
      Evening (14.01 – 21.00) 
      Night (21.01 – 07.00) 
 
652  
832  
548  
 
(32.1) 
(40.9) 
(27.0) 
 
537  
644  
367  
 
(34.7) 
(41.6) 
(23.7) 
 
115  
188  
181  
 
(23.8) 
(38.8) 
(37.4) 
Size, n (%) a  
      26 gauge 
      24 gauge 
      22 gauge 
      20 gauge 
      18 gauge 
 
509  
1053  
418  
44  
5  
 
(25.1) 
(51.9) 
(20.6) 
(2.2) 
(0.2) 
 
342  
738  
418  
44  
5  
 
(22.1) 
(47.7) 
(27.0) 
(2.8) 
(0.3) 
 
167  
315  
0 
0 
0 
 
(34.6) 
(65.4) 
- 
- 
- 
Side, n (%) b 
      Right  
      Left 
 
1017  
1013  
 
(50.1) 
(49.9) 
 
770  
777  
 
(49.8) 
(50.2) 
 
247  
236  
 
(51.1) 
(48.9) 
Site, n (%) c 
      Hand 
      Wrist 
      Forearm 
      Bend of arm 
      Foot  
      Ankle 
      Scalp 
      Groin 
      Neck 
 
799  
60  
42  
697  
252  
54  
123  
3  
1  
 
(39.3) 
(3.0) 
(2.1) 
(34.3) 
(12.4) 
(2.7) 
(6.1) 
(0.1) 
(0.05) 
 
573  
40  
33  
652  
163  
21  
61  
3  
1  
 
(37.0) 
(2.6) 
(2.1) 
(42.1) 
(10.5) 
(1.4) 
(3.9) 
(0.2) 
(0.1) 
 
226  
20  
9  
45  
89  
33  
62  
0 
0 
 
(46.7) 
(4.1) 
(1.9) 
(9.3) 
(18.4) 
(6.8) 
(12.8) 
- 
- 
 
a internal attrition n=3, b internal attrition n=2, c internal attrition n=1 
 
6.2.2 Dwell time 
Figure 3 presents the Kaplan-Meier plot showing the cumulative proportion of PVCs in use, 
representing n=1548 PVCs in patients whom were admitted to paediatric units and n=484 to 
neonatal units. The estimated median PVC survival time until removal due to complication 
was five days (95% CI 4.74-5.26). There was a statistically significant difference in survival 
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time between PVCs in patients at the paediatric (five days, 95% CI 4.63-5.37) and the 
neonatal units (four days, 95% CI 3.70-4.30, p < 0.001).  
 
6.2.3 Reasons for removal 
The majority of the PVCs (59.8%) remained in place until therapy was completed (Table 9). 
A few PVCs (0.7%) without complications were re-sited in connection with blood sampling 
or removed because of a need for a central venous access device. In the total sample, 719 
(35.4%) PVCs (127.3 per 1000 catheter days) were removed due to complications. The most 
common complications leading to removal were infiltration and occlusion (Table 9). Patients 
admitted to neonatal units were more affected by infiltrations compared to patients at the 
paediatric units (p < 0.001).  
 
6.2.4 Factors associated with PVC-related complications  
6.2.4.1 Infiltration  
In simple logistic regression analyses for neonatal patients, PVCs inserted at night time (OR 
1.80, 95% CI 1.02 – 3.16) and younger age (OR 0.97, 95% CI 0.94 – 1.00) were factors 
statistically related to the likelihood of PVC removal due to infiltration. In the multiple 
analyses younger age (OR 0.97 95% CI 0.94 – 1.00) remained associated with PVC removal 
due to infiltration. 
Factors identified in simple logistic regression analyses associated with infiltration in 
paediatric patients were younger age (OR 0.96, 95% CI 0.93 – 0.99) and insertion of PVCs in 
the ankle (OR 3.20, 95% CI 1.13 – 9.09). In the multiple logistic regression analyses, younger 
age (OR 0.96, 95% CI 0.92 – 0.99) and PVCs inserted in the bend of the arm (OR 1.48, 95% 
Figure 3. Kaplan-Meier plot showing 
the cumulative proportion of PVCs in 
use over time. Each step down at the 
curve represents PVCs being removed 
due to a complication. PVCs removed 
due to other reason than complication 
were censored at the time of removal.  
 
p <0.001 
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CI 1.00 – 2.20) or the ankle (OR 2.81, 95% CI 0.98 – 8.02) were found independently related 
to the likelihood that the PVC would be removed due to infiltration. 
 
Table 9. Documented reasons for removal of PVC and comparison between paediatric and 
neonatal units 
 
a E.g. the patient is bothered by the PVC or location dependent 
b Re-sited PVC in connection with blood sampling or change to central venous access device 
 
6.2.4.2 Occlusion  
Simple logistic regression analyses in neonatal patients showed that longer PVC in situ time 
(OR 1.22, 95% CI 1.03 – 1.45) and PVCs inserted in the foot (OR 3.05, 95% CI 1.59 – 5.85) 
or ankle (OR 4.03, 95% CI 1.70 – 9.56) were significantly related to PVC removal due to 
occlusion. In the multiple analyses were longer PVC in situ time (OR 1.32, 95% CI 1.09 – 
1.58) and PVCs inserted in the foot (OR 3.47, 95% CI 1.78 – 6.79) or ankle (OR 5.00, 95% 
CI 2.06 – 12.15) associated with PVC removal because of occlusion. 
In paediatric patients were younger age (OR 0.92, 95% CI 0.89 – 0.95), longer PVC in situ 
time (OR 1.21, 95% CI 1.12 – 1.31), PVCs inserted during the evening shift (OR 1.44, 95% 
CI 1.01 – 2.05), PVC size 26 gauge (OR 3.53, 95% CI 1.06 – 11.7) and PVCs inserted in the 
 
Total sample 
n=2032 
 
Paediatric units 
n=1548 
 
Neonatal units 
n=484 
 
Comparison, 
paediatric and 
neonatal units 
 
 
Reasons for removal 
 
 
n (%) 
per 1000 
catheter 
days 
 
 
n (%) 
per 1000 
catheter 
days 
 
 
n (%) 
per 1000 
catheter 
days 
 
p-value  per 1000 
catheter days 
Removal due to complications       
Infiltration including 
extravasation 293 (14.4) 51.9 165 (10.7) 38.7 128 (26.4) 92.8 <0.001 
Occlusion  273 (13.4) 48.4 201 (13.0) 47.1 72 (14.9) 52.2 0.45 
Signs and symptoms of 
thrombophlebitis 142 (7.0) 25.2 109 (7.0) 25.5 33 (6.8) 23.9 0.74 
Suspicion of infection  6 (0.3) 1.1 3 (0.2) 0.7 3 (0.6) 2.2 0.17 
Wound at insertion site 5 (0.2) 0.9 2 (0.1) 0.5 3 (0.6) 2.2 0.04 
Total 719 (35.4) 127.3 480 (31.0) 112.5 239 (49.4) 173.3  
Elective reasons for removal       
Completed treatment  1215 (59.8) 215.2 993 (64.1) 232.7 222 (45.9) 161.0 <0.001 
PVC accidentally removed  64 (3.1) 11.3 46 (3.0) 10.8 18 (3.7) 13.1 0.49 
Other reason a 20 (1.0) 3.5 17 (1.1) 4.0 3 (0.6) 2.2 0.33 
Re-sited PVC b 14 (0.7) 2.5 12 (0.8) 2.8 2 (0.4) 1.5 0.39 
Total 1313 (64.6) 232.6 1068 (69.0) 250.3 245 (50.6) 177.7  
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bend of the arm (OR 0.63, 95% CI 0.44 – 0.91), foot (OR 2.15, 95% CI 1.39 – 3.33), ankle 
(OR 3.43, 95% CI 1.34 – 8.77) or scalp (OR 2.44, 95% CI 1.31 – 4.53) significantly related 
to PVC removed due to occlusion. In the multiple analyses were longer PVC in situ time (OR 
1.22, 95% CI 1.12 – 1.33) and PVCs inserted in the foot (OR 1.99, 95% CI 1.26 – 3.14), 
ankle (OR 3.51, 95% CI 1.34 – 9.24) or scalp (OR 2.07, 95% CI 1.07 – 3.97) independently 
related to the likelihood that the PVC would be removed due to occlusion.  
 
6.3 RNS’ ADHERENCE AND WORK CONTEXT (PAPER III) 
6.3.1 Adherence  
Of the 373 RNs who answered the questionnaire, 227 (60.9%) stated that they knew about the 
CPGs for venous catheter in paediatric care. On an individual level, RNs’ complete 
adherence (answering “always”) to the three CPG recommendations varied between 53% for 
daily inspection to 91% for disinfection of hands (Table 10). At unit level, complete 
adherence ranged from zero units for daily inspection to 11 units for disinfection of hands. At 
two units all RNs had complete adherence to use of disposable gloves. 
The Intraclass correlation analyses underlined the variation between units in scoring of the 
adherence to the CPG recommendations, most pronounced for disinfection of hands (0.19), 
followed by daily inspection of PVCs’ insertion sites (0.09) and usage of disposable gloves 
(0.07).  
 
Table 10. RNs’ adherence to the CPG recommendations for RNs individually and 
aggregated to unit levels 
 
a Individuals are categorised according to the response alternatives to this item. b Units are categorised based on the percentage 
of RNs’ that reported complete adherence (answered always). c At one unit none of the RNs answered the item regarding 
daily inspection of PVCs’ insertion sites.  
 
6.3.2 Context 
RNs’ mean scores and standard deviations for the dimensions measuring work context for all 
RNs individually and aggregated to unit level are presented in Table 11. For the dimensions 
Individuals, n = 373 a Missing Never Seldom Sometimes Often Always 
Disinfection, n (%) 4    (1) - 2   (0) 4    (1) 25   (7) 338 (91) 
Disposable gloves, n (%) 9    (2) 6   (1.5) 17 (4.5) 32  (9) 71   (19) 238 (64) 
Daily inspection, n (%) 35  (9) 7   (2) 7   (2) 23  (6) 103 (28) 198 (53) 
Units, n = 23 b < 50% 50 - 69% 70 - 89% 90 - 99% 100%  
Disinfection - 1 7 4 11  
Disposable gloves  6 8 6 1 2  
Daily inspection c  7 9 3 3 0  
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calculated as means, RNs scored highest in their rating of information sharing social 
processes, followed by culture and leadership, while organisational slack (space) was scored 
lowest. The ANOVA analyses point to significant differences between units in the mean 
scores of each context variable except information sharing interactions. The Intraclass 
correlation analyses underlined the variation between units in scorings of the contextual 
variables, most accentuated for leadership, evaluation, and organisational slack.  
 
Table 11. Summary of context data for RNs individually and aggregated to unit level 
   Individuals n=373 
Units 
n=23 
ANOVA b 
  
Dimensions of context  No 
items 
Scale Mean (SD) Mean (SD) F-statistic  p value ICC 
1. Leadership  6 1–5 3.5 (0.8) 3.5 (0.5) 7.392  0.000 0.30 
2. Culture 6 1–5 3.8 (0.6) 3.8 (0.3) 3.367  0.000 0.12 
3. Evaluation 6 1–5 3.0 (0.8) 3.0 (0.4) 4.415  0.000 0.19 
4. Information sharing interactions a 7 0–7 3.1 (1.1) 3.1 (0.3) 1.416  0.10 0.03 
5. Information sharing activities a 5 0–5 3.3 (1.2) 3.2 (0.5) 2.497  0.000 0.10 
6. Information sharing social processes 6 1–5 3.9 (0.5) 3.9 (0.2) 2.345  0.001 0.08 
7. Structural and electronic resources a 11 0–11 5.1 (2.0) 5.3 (0.8) 1.833  0.014 0.05 
8. Organisational slack – Staffing 2 1–5 3.1 (1.2) 3.1(0.7) 6.813  0.000 0.26 
    Organisational slack – Space 4 1–5 2.7 (0.9) 2.6 (0.5) 4.278  0.000 0.19 
    Organisational slack – Time 6 1–5 3.1 (0.6) 3.0 (0.3) 4.595  0.000 0.20 
 
a Variables that were first calculated as total sum of items; mean values of these sums were then analysed.  bANOVA, analysis 
of variance, was applied to mean values at unit level. SD, standard deviation. ICC, Intraclass correlation. 
 
6.3.3 Relationship between adherence and context 
Because of the variation at unit level in adherence to the three CPG recommendations for 
PVC management we applied two approaches; multiple versus multilevel logistic 
regression analyses. These two approaches generated similar but not identical findings. In 
the multiple logistic regression analyses, we estimated the following variables to have a 
significant association to adherence to the guideline recommendations: increase in the use 
of structural and electronic resources (OR 1.32, 95% CI 1.06 – 1.64) with disinfection of 
hands, meaning that each one unit increase in the RNs’ responses in the coded categories 
(0, 0.5, 1) for structural and electronic resources resulted in a 32% increase in the likelihood 
that RNs reported adherence to disinfecting of hands. Structural and electronic resources 
also had a significant association with daily inspection of PVC insertion site (OR 1.20, 95% 
CI 1.05 – 1.37). Fewer years since nursing certificate (OR 0.97, 95% CI 0.94 – 0.99) was 
significantly related with use of disposable gloves, meaning that each nursing year resulted 
in a 3% decrease in the likelihood that RNs reported adherence to the usage of disposable 
gloves. In the multilevel logistic regression analyses, we identified an increase in the coded 
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categories for structural and electronic resources (OR 1.31, 95% CI 1.03 – 1.68) as 
significantly related to disinfection of hands, higher scores in the coded categories for 
participation in information sharing activities (OR 1.17, 95% CI 1.00 – 1.38) and fewer 
years since nursing certificate (OR 0.96, 95% CI 0.93 – 0.99) as significantly related to the 
use of disposable gloves. Regular evaluation (OR 1.45, 95% CI 1.01 – 2.08) was 
significantly related to daily inspection of PVCs’ insertion sites, meaning that each increase 
on the evaluation scale resulted in a 45% increase in the likelihood that RNs reported 
adherence to daily inspection of insertion sites. 
 
6.4 EFFECTS OF THE COMPUTER REMINDERS (PAPER IV) 
6.4.1 PVC-related complications 
The overall number of documented complications at all units at baseline was 546 (40.4%) and 
575 (44.5%) post-intervention. The number of complications at the intervention units was 
254 (40.6%) at baseline and 259 (41.9%) post-intervention and 292 (40.3%) at baseline at the 
control units and 316 (46.9%) post-intervention (Table 12). The logistic regression analysis 
regarding change in complication rates did not show any significant effect of the computer 
reminders (p= 0.18, 95% CI -12.8% to + 2.3%) from baseline to post-intervention between 
the groups. There was no significant difference in mean PVC days from baseline to post-
intervention between the groups. The most frequent complication in the intervention group at 
baseline and post-intervention was infiltration (17-17%) followed by occlusion (14-15%) and 
signs and symptoms of thrombophlebitis (6-6%) whereas occlusion (18-18%) followed by 
infiltration (10-15%) and signs and symptoms of thrombophlebitis (8-10%) was most 
frequent in the control group.  
 
 
Table 12. Number of documented complications and difference in complication rate between 
baseline and post-intervention for the intervention and control units 
 Intervention units  Control units 
 No of complications  
Difference in 
complication  
rate 
 
 No of complications 
 
 
Difference in 
complication  
rate   
Baseline 
 
Post- 
intervention 
Baseline 
 
Post- 
intervention 
 n (%) n (%) %  n (%) n (%) % 
 Total 254 (40.6) 259 (41.9) + 1.3  Total 292 (40.3) 316 (46.9) + 6.6 
 Unit 1 0 0 -  Unit 1 22   (61.1) 28   (57.1) -  4.0 
 Unit 2 58   (34.3) 42   (31.1) -  3.2  Unit 2 107 (43.7) 111 (43.4) -  0.3 
 Unit 3 41   (25.0) 74   (33.5) + 8.5  Unit 3 28   (26.4) 42   (37.2) + 10.8 
 Unit 4 6     (42.9) 5     (38.5) -  4.4  Unit 4 76   (39.8) 85   (56.3) + 16.5 
 Unit 5 21   (53.8) 28   (62.2) + 8.4  Unit 5 29   (41.4) 33   (47.1) + 5.7 
 Unit 6 128 (53.6) 110 (53.9) + 0.3  Unit 6 30   (39.5) 17   (48.6) + 9.1 
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6.4.2 RNs’ adherence 
RNs median age in the intervention and control group was 36 years and 35 years, 
respectively, both at baseline and post-intervention (Table 13). A majority of the RNs in the 
intervention group worked fulltime, while the percentage of RNs that worked fulltime and 
part time in the control group was almost equally distributed. RNs median years since nursing 
certificate went down in both groups, as did the median years at the current unit. A majority 
of RNs in both groups had a basic educational level, though the percentage of RNs with an 
advanced level was slightly higher and more stable at the intervention units compared to the 
control units. RNs awareness of the CPGs for venous catheters was stable in the intervention 
group and a higher percentage of RNs knew of the CPGs post-intervention at the control units 
(Table 13).  
The number of RNs with full adherence (answered always) to disinfection of hands at 
baseline and post-intervention in the intervention group went from 90% to 89% (n=97/93) 
and from 93% to 85% (n=96/87) in the control group. The adherence to usage of disposable 
gloves in the intervention group went from 74% to 72% (n=80/76) and stayed at 69% 
(n=71/70) for the control group between baseline and post-intervention. The adherence to 
daily inspection of PVC insertion site went from 54 to 56% (n=58/58) for the intervention 
group and from 46% to 54% (n=47/55) for the control group.  
There was no significant difference regarding RNs’ adherence to the CPG recommendations 
between the groups from baseline to post-intervention: disinfection of hands (OR 2.05, 95% 
CI 0.57-7.39), usage of disposable gloves (OR 0.96, 95% CI 0.41-2.23), or for daily 
inspection (OR 0.77, 95% CI 0.35-1.66).  
 
Table 13. Background characteristics for RNs at baseline and post-intervention for the 
intervention and control group 
           Intervention group                Control group 
 
Baseline 
 
(n=108) 
Post-
intervention 
 (n=106) 
Baseline 
 
(n=104) 
Post-
intervention 
 (n=102) 
Median age, years (range) 36 (23-59) 36 (22-61) 35 (24-62) 35 (24-62) 
Female, n (%)  103 (98) 100 (97) 103 (99) 100 (99) 
Median years since nursing certificate (range) 9.0 (1-40) 7.0 (0-40) 7.0 (1-42) 6 .0 (0-39) 
Median years at current unit (range) 3.1 (0-32) 2.7 (0-15) 3.7 (0-40) 2.0 (0-25) 
Employment 
   Full-time, n (%) 
   Part-time, n (%) 
 
64 (61) 
41 (39) 
 
72 (71) 
30 (29) 
 
58 (56) 
46 (44) 
 
48 (48) 
52 (51) 
Educational level 
    Basic, n (%)  
    Advanced, n (%)  
 
53 (52) 
49 (48) 
 
56 (54) 
47 (46) 
 
62 (60) 
42 (40) 
 
67 (66) 
34 (34) 
Awareness of the CPGs, n (%)  74 (69) 72 (68) 61 (59) 79 (77) 
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6.4.3 Context 
The categorisation of RNs’ mean scores into high and low in paper IV was significantly 
different between the intervention and control group for culture (p=0.037), with RNs in the 
intervention group scoring higher (Table 14). An almost equal distribution of RNs in both 
groups scored their leadership as high or low while a majority of the RNs scored their culture 
as high and evaluation as low.  
 
Table 14. Context for intervention and control units at baseline 
 Intervention units Control units Fischer’s exact test 
 RNs, n (%) RNs, n (%) p value 
Context dimensions RNs= 108 RNs= 104  
Leadership 
Mean (SD) 
High a 
Low b 
104   (96.3) 
3.42  (0.75) 
52     (50) 
52     (50) 
102   (98) 
3.59  (0.84) 
50     (49) 
52     (51) 
0.890 
 
 
 
Culture 
Mean (SD) 
High a 
Low b 
104   (96.3) 
3.99  (0.52) 
85     (81.7) 
19     (18.3) 
103   (99) 
3.78  (0.65) 
71     (68.9) 
32     (31.1) 
0.037 
 
 
 
Evaluation 
Mean (SD) 
High a 
Low b 
105   (96.3) 
3.09  (0.72) 
29     (27.6) 
76     (72.4) 
100   (96.2) 
3.04  (0.90) 
30     (30.0) 
70     (70.0) 
0.759 
 
 
 
Context groups c RNs= 101  RNs= 97   
High context d 14     (13.9) 22     (22.7)  
Moderately high context e 44     (43.6) 22     (22.7)  
Moderately low context f 31     (30.7) 34     (35.1)  
Low context g 12     (11.9) 19     (19.6)  
 
a High = individual mean score > 3.5, b Low = individual mean score ≤ 3.5, c Significant difference (p=0.013) in the 
distribution of the different context groups between intervention and control units, d High scores on all context dimensions, e 
High on two dimension and low on one, f  High on one dimension and low on two, g Low scores on all dimensions. SD, 
standard deviation 
 
There was a significant difference (p=0.013) in the distribution over the four context groups 
between the intervention and control units. An almost equal number of RNs in both groups 
scored their context as either high or low. A majority of the RNs in the intervention group 
scored their context as moderately high followed by moderately low and the pattern for the 
control group was vice versa.  
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7 DISCUSSION 
One aim of this thesis was to evaluate the effects of implementing recommendations from a 
CPG for PVCs as reminders in EPRs in paediatric care. Another aim was to describe factors 
of importance for the implementation process and outcomes.  
To summarise the main findings, the EPR did not provide accurate and complete data 
concerning PVCs and related complications either before or after the introduction of a PVC 
template (paper I). The median time for PVC in situ was 2 days and median PVC survival 
time until removal due to PVC-related complication was five days (paper II). One-third of the 
patients were affected by a PVC-related complication as documented in the EPR, with 
infiltration and occlusion occurring most frequently (paper II). RNs’ adherence to the three 
CPG recommendations for PVCs on unit level varied. RNs on half of the units demonstrated 
complete adherence on disinfection of hands, whereas less than 70% of the RNs at a majority 
of the units reported complete adherence to the use of disposable gloves and daily inspection 
of PVC insertion site (paper III). Work context, in the form of structural and electronic 
resources, information sharing activities and evaluation was in different ways associated with 
the adherence to the CPG recommendations (paper III). The computer reminders integrated in 
EPRs did not have any significant effect on PVC-related complications or on RNs’ adherence 
to the CPG recommendations (paper IV). The context in both the intervention and control 
group was perceived by the RNs as moderately low to moderately high (paper IV). 
If the results of an intervention are negative, questions will arise as to whether that 
intervention was inadequately developed and if results from similar interventions have also 
been ineffective [36]. Other questions may include whether the intervention was poorly 
implemented, implemented in an inappropriate context or whether the intervention used an 
unsuitable design, comparison group and/or outcomes [36]. The following section will 
discuss the accuracy and completeness of PVC documentation (paper I), PVC-related 
complications (paper II), the influence of work context (papers III, IV) and the computer 
reminders (paper IV). 
 
7.1 ACCURACY AND COMPLETENESS OF PVC DOCUMENTATION 
One of the strengths of this thesis is that the outcome variable documented PVC-related 
complications (paper IV), was studied in order to investigate the accuracy and completeness 
of these data in the EPR (paper I). Quality and safety regulators as well as researchers often 
rely heavily on the notion that patient records accurately reflect the care given as well as 
patients’ outcomes.  
A Cochrane review on nursing records over the last 60 years indicate that RNs and other 
healthcare professionals believe that there should be a link between nursing documentation 
and the quality of care that patients receive [76]. The authors state that documentation is still 
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seen as an extra burden and an administrative concern that is not integrated in the care of 
patients. They further argue that the challenge for nursing is to understand what kind of 
nursing practice is best served by which documentation system. Basically, what kind of data 
is best served by structured documentation and what should be written in free text.  
The results from paper I showed that the EPR did not provide accurate data on PVCs either 
before or after the introduction of the PVC template. The documentation of any kind was 
however relatively stable throughout that study, which is coherent with similar studies [79]. 
This indicates that RNs seem to have the intention to document PVCs, but that the 
documentation lacks one or several of the components needed in order to track a PVC in 
EPRs, namely data on insertion date, side, site and size [105, 108, 109]. By using the PVC 
template, the RNs automatically documented the minimum information needed, as these were 
mandatory fields. There was a statistical increase in the complete documentation of PVCs 
between baseline and post-intervention (paper I), but the increase would be unlikely to have a 
clinical impact, as only four PVCs had complete documentation post-intervention II. An 
increase in the number of PVCs with complete documentation followed the number of PVCs 
with documented reason for removal, meaning that the number of PVCs with complete 
documentation would most likely increase if the number of PVCs with documented reason 
for removal increased. More recent published studies have shown the effects of increased 
accuracy and completeness of nursing documentation have either introduced standardised 
nursing terminology and/or documentation templates [67, 75, 81, 83]. As the PVC template 
showed significant increase in the number of PVCs with documented size, site, removal and 
complete documentation it might be appropriate to further develop and evaluate the template 
in order to continue to increase the accuracy and completeness of PVC documentation.  
 
7.2 PVC-RELATED COMPLICATIONS 
The results from paper II showed that infiltration was the most common complication of 
PVCs, which is in accordance with other studies among paediatric patients [89-97]. The 
occurrence of infiltration in paper II at 14.4% was however slightly lower compared to 
previous studies [89-97] and the occurrence of occlusion at 13.4% was within the range of 
previous studies [91, 93, 94, 96, 97, 102]. The results from paper II also showed that 
infiltration occurred more frequently in neonatal than paediatric patients. Previous studies 
have been inconclusive as to whether younger patients are more likely to be affected by 
infiltration [90, 92, 95, 97]. As younger patients cannot verbally express discomfort or pain, it 
is important that RNs regularly inspect insertion sites as well as perform PVC function 
controls. The use of pain assessment scales adapted for preverbal children may be of value in 
order to detect and evaluate early signs and symptoms of PVC-related complications, such as 
discomfort and pain.  
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PVCs in paediatric care should stay in situ until removal is clinically indicated, which means 
that there will always be early signs or symptoms of complications in paediatric healthcare. 
This also indicate that frequent assessments of whether the PVC should remain in situ or be 
removed is essential. This implies that PVCs must be removed immediately if the patient 
develops signs and symptoms of complications, if the PVC is malfunctioning or if it is no 
longer needed. Even though PVC insertion may be challenging in neonatal and paediatric 
patients, PVCs should never be left in place on a just in case basis. It is a concern that RNs’ 
adherence to daily inspection of PVC insertion site was so low (papers III, IV), as inspection 
is an important strategy to detect early signs and symptoms so that complications such as 
infections, necrotic of the skin and thrombophlebitis can be avoided.  
Though healthcare professionals and healthcare organisations are obliged to report and 
investigate adverse events or preventable adverse events, there was no available data on 
PVC-related complications in any of the hospital’s local incidence reporting systems. It can 
only be speculated to why PVC-related complications are not reported, it might be that they 
are regarded as less serious events as they are a natural consequence of having a PVC in situ. 
Other studies have shown that there is a wide underreporting of adverse events in incident 
reporting systems [116-122], which imply that many events, like PVC-related complications, 
might go unnoticed. Several PVC-related complications are preventable adverse event as they 
may be avoided if for example, inspection of PVC insertion site were performed regularly. If 
PVC-related complications were treated as adverse events, they would probably be reported 
and investigated more frequently so that similar events could be prevented in the future.  
 
7.3 THE INFLUENCE OF WORK CONTEXT 
A successful implementation of the CPG recommendations as computer reminders would 
more likely occur, according to the PARIHS, if the evidence and the context were perceived 
as high among the RNs.  
 
7.3.1 Evidence for the CPG 
According to PARIHS, evidence is high when it has a sound research base and coincide with 
clinical and patient experiences [32]. The CPG included altogether eleven references to 
research articles, out of which three were systematic reviews, one meta-analysis, two 
randomised controlled trials and the remaining five were single site descriptive studies. The 
meta-analysis included only one article with paediatric patients and one of the randomised 
controlled trails had not conducted a sample size calculation and the other did not include a 
sample size that secured statistical power. Five of the included articles were studies on 
paediatric populations, and none of these were referred to when recommending choice of 
PVC site, size or related complications. The CPG could most likely have included more 
references to thorough studies on paediatric populations that investigated and evaluated PVC 
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insertion, management and signs and symptoms of complications. Professional experience 
was referred to when recommending PVC sites that should be avoided and the CPG referred 
to articles concerning how anxiety among paediatric patients and their carers could be 
managed before, during and after PVC insertion. The CPG also stated that paediatric patients 
should be given the opportunity to be involved in their own treatment and that children who 
are hospitalised have the right to receive age appropriate information before PVC insertion. 
However the CPG contained no information or references on how this information could be 
given to patients of different ages. This could have been appropriate, as research has shown 
that PVC insertion is one of the most painful and stressful procedures among paediatric 
patients [123], and that it is a time consuming procedure for staff [84, 86, 124]. The CPG 
recommended that patients and their carers should be informed about possible signs and 
symptoms of PVC-related complications before insertion so that they can report any changes 
related to the PVC. The CPG could most likely have included more recommendations 
concerning successful factors as well as known risk factors for PVC access [84, 125, 126], 
and the evidence regarding strategies for preventing PVC-related complications were scarce.  
The research base for the CPG could most likely have been more robust and the experiences 
from healthcare professionals and patients could have been more explicit. Unfortunately, we 
do not have any data on how RNs perceived the CPG for PVCs, but it is a concern that 
approximately 30-40% of the RNs stated that they did not know about the CPGs for venous 
catheters (papers III, IV). The findings concerning RNs awareness of the CPG concur with 
previous studies, namely that the implementation strategy of posting CPGs on a web site, 
which was the hospitals implementation plan, is an ineffective strategy for guideline 
dissemination [127]. 
 
7.3.2 Context  
The assumption, according to PARIHS, is that the more favourable the context, the better the 
conditions for successful implementation. A context that is scored high by RNs is more 
receptive to change as it represents a more sympathetic culture, stronger leadership and 
appropriate evaluative systems [34]. Most RNs scored their context (leadership, culture and 
evaluation) as moderately low or moderately high (paper IV), which indicates that the 
conditions were probably not optimal for the intervention in paper IV to be successful.  
RNs scores for leadership were almost equally divided into high or low (paper IV). Previous 
research has clearly demonstrated the importance of leadership to support EBP [128-131] and 
that leadership at all levels of an organisation has been identified to influence RNs’ use of 
CPGs [132]. Studies in Sweden have also shown that Nurse Managers’ lack of academic 
education, research use and failure to support research use have been linked too less EBP 
activities among RNs [133-135]. Leadership did not show any significant associations with 
the adherence the CPG recommendations (paper III) and one can only speculate why an 
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association was lacking. Leadership influences the work context on a unit, for example Nurse 
Managers are in charge of the resources and are thus responsible for creating conditions that 
affect evaluation and the availability of information resources [35]. In other words, leadership 
is probably also expressed in some of the other dimensions of the ACT such as, evaluation, 
information sharing activities, social processes, and structural and electronic resources.  
Culture was scored high by RNs in both paper III and IV though RNs in the intervention 
group scored their culture significantly higher compared to the control group (paper IV) 
Culture is defined as the forces at work, which give the physical environment a character and 
a feel [32]. The hypothesis is that a culture that is scored high has clarity of values and beliefs 
and a consistency in valuing relationships, teamwork, power and authority and where 
recognition and rewards are provided [35]. RNs’ mean scores, individually and aggregated to 
unit level, were highest for information sharing social processes (paper III), which is 
described as active connections among people, which reflect trust, mutual understanding and 
shared values and behaviors. The items concerning this dimension in the ACT included the 
willingness between RNs and units to share information and if RNs felt that managers took 
their observations and concerns seriously. The high scores for the context dimensions of 
culture and social sharing processes indicate that there was a good climate among RNs at the 
hospital, where values, beliefs and support for each other was perceived as very strong.  
Evaluation was scored low by a majority of the RNs in both the intervention and control 
group (paper IV). It is a great concern that RNs scored regular evaluation low as it was 
significantly related to daily inspection of PVC insertion site (paper III). A Cochrane review 
indicate that audit and feedback might be more effective when baseline performance is low, 
when the source is a supervisor or a colleague and when the information is provided more 
than once both verbally and in writing [136]. The authors conclude that audit and feedback 
often lead to small but potentially important improvements in professional practice and that 
both explicit targets and an action plans should be included. As adherence to CPGs most 
often has an impact on patients’ outcomes, it is essential that RNs are informed about the 
complication rates related to PVCs as these events are preventable if discovered on time. It 
might be interesting to further investigate if timely feedback and discussions of CPG 
adherence and of complication rates might influence RNs’ clinical decision-making 
concerning PVCs.  
The findings concerning the context dimensions included in the PARIHS framework, namely 
that culture was perceived as high and that both leadership and evaluation could be higher 
show promising improvement potentials. It could be argued that the increase of regular 
evaluation systems to RNs is easier to change than to change an entire culture at a unit or a 
hospital. Further efforts to investigate the characteristics among the Nurse Managers that 
received high scores should be undertaken so that these features can be supported and 
evaluated in the future.  
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7.3.3 Context and RNs characteristics in relation to CPG adherence  
The analysis showed that information sharing activities and fewer years since nursing 
certificate was significantly related to the use of disposable gloves (paper III). It should, 
however, be noted that information sharing activities showed a Cronbach’s α of 0.60, 
indicating some uncertainty in the reliability of this dimension (paper III). Another study has 
shown identical result concerning the Cronbach’s α for this dimension, which the authors 
describe could be explained by the fact that the items addresses concepts that are broader and 
perhaps more subject to individual interpretation, than the items in the remaining context 
dimensions [53]. A more recent study on the influence of context on RNs use of research in 
paediatric hospitals showed that information sharing interactions and activities as well as 
organisational slack (space) were important predictors, in addition to the core context 
dimensions in the PARIHS framework [56]. The authors conclude that unit managers ought 
to increase activities where interaction and observation of peers and senior hospital staff are 
possible, but also that these activities should be incorporated into interventions. Attitudes 
towards research and attendance at conferences and/or in-services are two characteristics that 
can and should be the focus of future research utilisation interventions [137].  
It is a concern that more senior RNs did not adhere to the CPG recommendation of disposable 
gloves (paper III). The study by Erasmus et al. [138] on the reasons for poor hand hygiene 
among RNs, medical students, and physicians in hospital settings showed that the examples 
set and norms established by senior staff were of major importance for hand hygiene 
compliance among junior staff. Their study showed that if it was accepted that senior staff 
deviated from the set of rules concerning hand hygiene, it would result in junior staff showing 
lower adherence to the hand hygiene guidelines. Based on the result from Erasmus et al. it 
might be appropriate to adress the lower use of dipsoable gloves among more senior RNs 
before introducing initiatives or interventions that stimulate interactions and observations 
between junior and senior RNs.  
The results from paper III also showed that the use of structural and electronic resources had 
a positive association with RNs’ adherence to disinfection of hands. This context dimension 
covers various sources of information and knowledge and is designed to measure factors that 
facilitate access to and the use of knowledge, including library resources, CPGs, in-service 
education, and the Internet [53]. This dimension had a mean score of 5.1 on an 11-point scale, 
which indicates that further efforts can be made in order to increase RNs availability and use 
of such resources.  
 
7.3.4 Staff turnover 
The criticism of the PARIHS framework is that it is not clear what role individuals play as 
part of the interaction between evidence and context [139] and that the influence of staff 
turnover is not included [140]. The influence of RNs individual characteristics has already 
been discussed as an important factor that influenced the adherence to use disposable gloves.  
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Wallin et al. [13] state that when the staff turnover of RNs is high it creates a situation where 
the novice RN all too soon can become ‘the most experienced’, which adds to a demanding 
work context. When examining the number of eligible respondents for the questionnaire 
(excluding RNs that performed administrative duties, were on parental leave, sick leave or 
studied full time) that was handed out at baseline and post-intervention (paper IV), the total 
percentage of RNs that were still working post-intervention at all units were 46.0% (n=151). 
The percentage of RNs that was still working post-intervention in the intervention and control 
group was 47.4% (n=83), and 44.4% (n=68), respectively. The variation of RNs that was still 
working post-intervention at the intervention units ranged from 39.1% to 80% and from 
25.0% to 64.3% at the control units. The high prevalence of staff overturn indicates that there 
is a great need to establish structured and standardised routines not only for documentation 
but also for the implementation and dissemination of CPGs.  
 
7.4 THE COMPUTER REMINDERS 
Grimshaw [4] argues that it is essential that knowledge translators identify key messages for 
different audiences and design these messages in languages and products that are easily 
assimilated. There are few healthcare settings that take advantage of what electronic systems 
have to offer and continue to construct CPGs in terms of layout and design as if they were to 
be printed. Ineffective strategies of CPG dissemination have shown to include didactic 
education and passive dissemination strategies such as posting guidelines on a web site, or 
providing the guideline to healthcare professionals in printed form [127].  
A systematic review on factors that differentiated between effective and ineffective CDSS in 
terms of improvement on process of care or patients’ outcomes were published after the 
implementation of the computer reminders in paper IV [141]. The authors of that review 
conclude that CDSS that only advised healthcare professionals at the point of care were not 
significantly associated with success, which earlier reviews had demonstrated [64, 142]. The 
review showed however that systems that provided advise to both patients and healthcare 
professionals were more likely to succeed as well as CDSS that required the users to provide 
a reason for deviating from recommendations. Their results showed that interactive CDSS 
seems to be more successful than CDSS that simply provide advise to healthcare 
professionals. Though the idea of the intervention in paper IV was to evaluate a relatively 
simple form of reminders, that just advised RNs, it might have, in light of the more recent 
reviews, been too basic.  
To differentiate between junior and senior RNs has shown to be of importance when 
developing strategies to increase EBP among RNs [143]. Studies have shown that RNs with a 
higher educational level, such as a Master’s degree or qualifications at an advanced level, 
have reported a higher extent of EBP compared with RNs with lower qualifications [144, 
145]. Moreover, junior RNs have reported more barriers compared with senior RNs in regard 
to accessing organisational information such as CPGs, protocols, evidence-based resources as 
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well as having the time to practise EBP [143]. The median number of years since nursing 
certificate and the RNs median years at their current units went down for both groups post-
intervention compared to baseline (paper IV). Between 34-48% the RNs (paper IV) had an 
advanced nursing degree meaning that the majority of RNs were lacking specialised training 
in for example paediatric care. A case site analysis concerning RNs’ use of CDSS systems in 
England showed that RNs’ experience of their workplace and their experience of using a 
specific CDSS influenced how they use the system to inform their decisions. The results 
showed that RNs used CDSS to inform their decision in situations they had little experience 
of and relied on their own expertise to form decisions in situations they were more familiar 
with [146]. Another study showed that less experienced RNs were more likely to follow 
recommendations from a CDSS when making decisions in practice [147]. An alternative 
strategy for the computer reminders in paper IV could have been to deliberately target and 
construct them so that they guided newly graduated and recently employed RNs, as they 
seem more likely to benefit from such recommendations. 
Authors of a recent published overview of systematic reviews conclude that there is no 
convincing evidence that multifaceted interventions are more effective than single-
component interventions in changing healthcare professionals’ behaviours. The authors 
however argue that it might be appropriate to design single or less complex multifaceted 
interventions that are tailored to overcome contextual barriers and improve the targeted 
behaviour [148]. Studies that have shown some positive outcomes concerning the use of 
CDSS in nursing practice in recent years have in addition to CDSS also included educational 
sessions [149, 150] and/or feedback [151]. A study conducted in an emergency department, 
conclude that a multifaceted intervention, including education, audit and real-time feedback, 
seemed to increase and sustain compliance with PVC care processes and improve RNs’ 
knowledge [152]. The intervention in paper IV did not include one of the cornerstones in the 
PARIHS framework, namely facilitation, as the idea was to investigate if the computer 
reminders could substitute more complex and expensive strategies such as facilitators or 
educational sessions. However, the results from more recent studies indicate that the 
intervention might have benefitted from being accompanied by a tailored intervention where 
for example specific barriers at the inpatient units were targeted. The results from the papers 
included in this thesis indicate that potential barriers that need to be targeted at the paediatric 
hospital are the low frequency of documented reasons for PVC removal, the low adherence to 
inspection of PVC insertion site and the lack of regular evaluation to RNs.  
The location of the PVC template and the reminders in the EPR might have been improved, 
as it took the RNs three clicks in the EPR to get there. On the other hand, the template was 
not in an unfamiliar location in the EPR. RNs had to get to the same location in order to 
document, for example, patients’ body temperature, weight, height and blood pressure. 
However, the pure existence of the PVC template and the reminders might have unfortunately 
been unknown for a number of RNs. There were several recommendations in the computer 
reminders that the RNs could have improved over time, but for which there are no data. For 
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example, disinfection of PVC insertion area, the use aseptic technique when managing PVCs 
or catheter systems as well as the choice of PVC size.  
According to Steckler and Linnan [153] process evaluation - the degree to which an 
intervention was implemented as designed - should be a part of the evaluation of public 
healthcare interventions. To identify for whom the intervention was effective, and under what 
conditions the intervention was effective is according to them crucial. Key process evaluation 
components include context, reach, dose delivery, dose received, fidelity, implementation and 
recruitment. Context can either directly or indirectly affects the intervention and reach, refers 
to the degree to which the intended audience participated in the intervention. The amount or 
proportion of the intervention that was actually delivered to the participants is referred to as 
dose delivered, while dose received assesses the extent of engagement among the 
participants with the intervention. Fidelity address whether the intervention was carried out 
according to plan and implementation includes a combination of reach, dose delivered, dose 
received and fidelity. Recruitment examines the resources needed and the reasons for 
nonparticipation. As mentioned earlier, RNs scores of their work context indicated that the 
conditions were probably not optimal for the intervention with the computer reminders. 
However, this thesis cannot report if and how the context at the different intervention units 
affected the computer reminders or how many of the RNs that documented PVCs in the 
template and were thereby exposed to the reminders. Neither can it describe how the RNs 
perceived the reminders that pop-up when they were documenting PVCs. A study, that is not 
part of this thesis, have observed and interviewed RNs at the intervention units concerning 
their awareness of the PVC template, the computer reminders, their management of PVCs 
and their adherence to the CPG recommendations. Data for this study have been collected 
and evaluated, but are not yet published.  
 
7.5 METHODOLOGICAL CONSIDERATIONS 
The papers presented in this thesis employed different quantitative methods in order to 
evaluate the effects of implementing recommendations from a CPG for PVCs as reminders in 
EPRs and to describe factors of importance for the implementation process and outcomes. 
Data has been collected through observations of patients with PVCs, EPRs and questionnaire 
to RNs.  
For the observations of patients with PVCs in paper I , inter-rater reliability was evaluated by 
comparing examinations of 20 colour photographs of PVCs by the two observers and one 
expert in PVC care: Cohen’s kappa coefficient was (K= 0.71) [154]. This kappa value is 
according to Altman [155] classified ‘Good agreement’ as it is ranges between 0.61-0.80.  
Some limitations should be taken into account as PVC characteristics and related 
complications were based on retrospective record data, and reasons for removals were 
assessed by a number of bedside RNs (papers II, IV). PVC characteristics and related 
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complications was based on individual RNs’ observations and recordings, and it cannot be 
verified if the recorded reason for removal was the accurate reason for removal or the exact 
number of real PVC-related complications. It should also be mentioned that the 
documentation might have improved over time, which could result in an increase in recorded 
PVC-related complications. This should however not affect the outcome as the shortcoming 
of the PVC recording and related complications should be equally distributed in the 
intervention and control group due to the randomisation (paper IV). It should also be 
mentioned that there are no data on possible patient-related factors (i.e., the child’s 
diagnosis/condition and type of pharmacological treatment administered via the PVC) that 
could have influenced the complication rate.  
Several PVCs had incomplete documentation and were therefore excluded (papers II, IV), 
which can lead to risks of either underestimation or overestimation of the number of 
complications. PVC-related complications may also have occurred a few days after the 
removal of the PVC and would therefore not be included as the audit of EPRs ended the day 
PVC removal was documented. The findings in paper II were somehow similar to other 
studies concerning PVC-related complications, but caution should be given to the fact that 
previous studies collected data through observations of PVCs. Another consideration is that 
other studies have present PVC-related complication rates and not complications per 1000 
catheter days, which makes it difficult to compare results across studies.  
The response rate among RNs in paper III was 58.4% and 65.4% at baseline and 71.5% post-
intervention for paper IV. Unfortunately, we do not have access to any data for the non- 
responders of the questionnaire. One should keep in mind that the study is based on self-
reported data, and therefore there is a risk for social desirability, which might have led to over 
reporting of preferred procedures for the management of PVCs [156]. However, it does not 
seem that social desirability has affected the outcome to a high extent, as ratings of adherence 
to the use of disposable gloves and daily inspection of the PVC site were low.  
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8 CONCLUSIONS 
The overall findings from the four papers in this thesis can briefly be concluded as:  
 
 
 
 
• The EPR did not provide accurate data on PVCs either before or after the 
implementation of a PVC template. 
 
• PVC-related complications, especially infiltration and occlusion were common, 
particularly among younger aged patients. 
 
• Work context, in the form of structural and electronic resources, information sharing 
activities, and evaluation were in different ways associated with RNs’ adherence to the 
CPG recommendations.  
 
• Most RNs adhered to the recommendation concerning disinfection of hands, while the 
use of disposable gloves and daily inspection of PVC insertion site showed greater 
improvement potential. 
 
• The computer reminders did not have any significant effect on PVC-related 
complications, nor on RNs’ adherence to the CPG recommendations.  
 
• The context in both groups varied from moderately low to moderately high, indicating 
that a successful implementation was probably less likely to occur.  
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9 IMPLICATIONS FOR CLINICAL PRACTICE 
To evaluate and improve the quality in management of PVCs, it is essential that RNs 
document the care given in a structured and standardised way. Quality registers could easily 
be constructed if insertion date, side, site, size, removal date and reason for removal were 
documented consistently in a standardised manner.  
The results from paper II could be of use for the management of PVCs, as there were few 
PVC-related complications when they were inserted into the dorsum of the hand and that 
PVC insertion near a joint was a risk factor for complications. Also that infiltration was more 
common in younger patients and that regular inspections and function controls are of high 
importance, as these patients cannot verbally describe the location of discomfort and pain.  
For healthcare management, the findings from paper IV, indicated that the CPG for PVCs 
could be further improved by including more robust research concerning paediatric care as 
well as include more studies to enhance the experiences from healthcare professionals and 
patients. The findings from paper III also suggest that the lower adherence to the use of 
disposable glove by senior RNs is something that needs to be addressed as research has 
shown that senior staff members adherence influences more junior staff members. Greater 
opportunities for interaction with and observation of peers and senior hospital staff could also 
be encouraged, as this seems to facilitate the adherence to disposable gloves. In addition 
increased use of structural and electronic resources as defined in the ACT seems to have a 
positive influence on RNs’ adherence to disinfection of hands. Regular audits of PVC-related 
complications would be useful and timely feedback of the results should be given to staff, as 
it seems to promote daily inspections of PVC insertion site.  
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10 FUTURE RESEARCH 
There is a need to further investigate the usability and impact of standardised and structured 
documentation for RNs. Data on PVCs for paper I was collected from all possible locations 
within the EPR and it would valuable to further examine how frequently the PVC template 
was used in order to document PVCs. More knowledge on how to standardise and structure 
RNs documentation may not only improve the accuracy but also facilitate the evaluation of 
interventions that target RNs and patient outcomes.  
As infiltration was more common in younger patients it would be of interest to further 
investigate the use of pain assessment scales in order to evaluate early signs and symptoms of 
PVC-related complications, such as discomfort and pain. There is also a clear need for further 
comprehensive prospective studies regarding overall PVC-related complications and related 
risk factors in paediatric care. A final evaluation could assess if timely feedback and 
discussions of CPG adherence and PVC-related complication rates might influence RNs’ 
clinical decision-making concerning PVCs.  
Other important questions for future research are which contextual factors that facilitate RNs 
adherence and use of CPGs, as well as how tailored interventions can be based on contextual 
knowledge so that barriers can be more easily targeted. To further investigate how computer 
reminders that advise both patients and healthcare professionals within paediatric hospital 
settings could be designed and evaluated. It would be useful to examine if and how reminders 
directed to newly graduated and employed RNs could support and enhance their EBP 
activates.    
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